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Abstract 
Salmonella enterica serotype Enteritidis has increased in prevalence 
in many parts of the world as well as in Hong Kong. It became the commonest 
Salmonella serotype isolated in this locality since 1994. In view of the importance, the 
antimicrobial susceptibilities, mechanisms of antibiotic resistance and the molecular 
epidemiology oiS. Enteritidis isolated from 1986 to 1995 in Hong Kong were studied. 
Ninety-eight to ninety-nine percent of the 252 isolates tested were 
resistant to 1 mg/L tetracycline or nalidixic acid, and 42% were resistant to 4 mg/L 
cefuroxime. One to eleven isolates were resistant to 8 mg/L anqjicillin or cephalothin, 
4 mg/L amikacin or kanamycin, 1 mg/L gentamicin or tobramycin and 32 mg/L 
cotrimoxazole. The distribution of isolates resistant to these antibiotics was similar in 
different years. All were susceptible to chloramphenicol (8 mg/L), the third generation 
cephalosporins including ceftazidime (2 mg/L), cefotaxime (1 mg/L), ceftriaxone (8 
mg/L), and the fluoroquinolones including ciprofloxacin (1 mg/L), ofloxacin (2 mg/L). 
All except nine isolates had plasmids. The size of the plasmids 
ranged from 1.7 to 105 kb. Most isolates (82%) harboured one plasmid and the rests 
two to five plasmids in 17 different patterns. A 60 kb plasmid was found alone or 
together with other plasmids in 96% (234) of plasmid-harboiiriiig isolates and a 78 kb 
plasmid in seven isolates. Of the 234 isolates harbouring the 60 kb plasmid, 220 had 
identical fingerprints as demonstrated by EcoBJ or EcoKV digestion. Three different 
78 kb plasmid were obtained on digestion of the plasmid with EcoRl or EcoKV. Only 
one isolate harboured an autotransferring plasmid of 105 kb and conferring 
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tetracycline- and cotrimoxazole-resistance. Anqjicillin- and cephalothin-resistance 
borne on a 5.2 kb plasmid was present in another isolate and was non-transferable but 
mobilizable. A P - lactamase of pi 5.2 was produced by this isolate. 
Total DNA fingerprinting using EcoKV and Mlul could: group all S. 
Enteritidis isolates into three and eight types, respectively. More than 90% had the 
same EcoKV or Mlul DNA fingerprints. Mlul can better discriminate S. Enteritidis 
isolates since more variable patterns resulted. 
Ribotyping using Pvull differentiated isolates into 15 types. These 
types were similar and differed by only one to three bands. Ninety-two percent of 
isolates were of the same ribotype. 
Six different patterns were produced when AP-PCR using one 
random primer (TGAGCATAGACCTCA) was performed on the 252 isolates. Ninety-
five percent gave the same AP-PCR pattern. 
When results of different typing methods were combined, the 
isolates could be differentiated into 27 groups. Eighty-eight percent of isolates, 
isolated throughout the years 1987-1995, belonged to groups 1 - 4 which were closely 
related, and of these, 89% belonged to group L There was probably a predominant 
clone of Enteritidis circulating in Hong Kong during this period. 
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Chapter 1. Introduction 
Salmonellae are members of the Enterobacteriaceae family. They 
are primarily intestinal parasites of man and animals, causing gastroenteric and 
generalized infections. 
The Salmonella bacteria, discovered by Daniel Salmon, are Gram-
negative rods, aerobic and facultatively anaerobic, non-spore-forming, usually motile, 
catalase-positive, oxidase-negative, and ferment glucose. They are hardy organisms 
that can survive in moist environments and in the frozen state for several months. 
Salmonellae possess three antigens of which O (somatic) and H 
(flagella) antigens are the major ones (Figure 1-1). The O antigens are 
lipopolysaccharides present in the outer membrane and are heat-stable. The H antigens 
are proteins which make up the flagellae and are heat-labile. H antigens may appear in 
two reversible phases: phase 1 antigens are specific and contribute to the 
immiuiological identity of a serotype while phase 2 antigens are shared by various 
serotypes. The Vi antigen is found on the surface of S. Typhi, and is associated with 
virulence. 
A. Classification of Salmonellae 
There is only one species in the genus Salmonella, and according to 
the Inteniational Code of Nomenclature, the species name should be Salmonella 
choleraesuis. However, to avoid confusion with the serotype of the same name, Le 
Minor (1984) proposed the name Salmonella enterica for the single Salmonella 
species. It can be subdivided into seven subspecies I, n, IHa, mb, IV, V and VI 
: - ; - “ — 1 










Figure 1-1. The antigenic structure of Salmonella spp. 
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according to different biochemical reactions (Le Minor, 1988). The majority of strains 
which cause infections in humans and food animals belong to subspecies I. 
The KaufBmann-Wliite scheme (White, 1926; Kauffinann, 1972, 
1978) classifies salmonellae into different serotypes based on the O, H and / or Vi 
antigen. Identification of serotypes is carried out by slide agglutination using specific 
antisera. Salmonellae are separated primarily into serogroups by their 0 antigens. More 
than 60 serogroups are identified and they are named from A to Z. The majority of 
medically in^portant serogroups belong to groups A to E. For easy reference, serotypes 
are given names usually based on the place where the first strain is isolated. Names are 
only given to serotypes of subspecies I (International Enterobacteriaceae 
Subcommittee, 1968). However, since they are not species in the usual sense, these 
names are not italicized and begin with a capital letter. There are now over 2500 
serological types of salmonellae. 
Salmonellae can cause infections in man and animals. They are 
divided into two groups according to their pathogenicity and natural habitat (Giamiella, 
1991): the enteric fevers group and the gastroenteric group. The enteric fevers group 
comprises of iS'. Typhi, S. Paratyphi A, B and C which are principally human pathogens 
and cause a kind of generalized infection. The gastroenteric group comprises of all 
salmonellae other than those of the enteric fevers group. They are mainly animal 
pathogens causing food-bome infection in man. The infection is usually limited to the 
intestine although it may spread and give rise to generalized infections such as 
meningitis or osteomyelitis. 
—-- - - 3 
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B. Salmonella enterica ser Enteritidis 
S. Enteritidis is one of the gastroenteric salmonellae which was first 
recognized as a cause of food-borne enteritis by Gaertner (1888). It belonged to 
serogroup Di, with O antigens 1,9,12 and H antigens g, m and 1 7 (Table 1-1) (Parker 
& Duerden 1990). Its source has been traced to eggs (Perales & Audicana, 1988; 
Anonymous, 1988; Mawer, Spain & Rowe 1989; Hunqjhrey et al., 1989) and poultry 
(Hunqjhrey, Mead & Rowe 1988; Reilly et al., 1988). It usually causes gastroenteritis 
but can also become invasive, causing systemic infections or localized in the viscera, 
meninges, bones, joints and serous cavities (Parker & Duerden, 1990). Known 
conqjlications include severe septicemia, endocarditis (Gill, 1979) enqjyema (Burney, 
Fisher & Schaffiier 1977), meningitis (Chusid, Dunigan & Lewis, 1980) bone and 
joint infections (Ortiz-Neu et al., 1978) subcutaneous abscesses (Gremillon, Geckler 
& Ellenbogen, 1977) and other pyaemic conditions. Persons under five and above 60 
years old are more prone to infection by S. Enteritidis (Le Bacq, Louwagie & 
Verhaegen, 1994). Infections in those patients with underlying diseases such as 
haemolytic disorders, malignancy, malnutrition, etc., are more severe and may result in 
high mortality (Hadfield, Monson & Wachsmuth 1985; Mahon & Manuselis Jr., 
1995). Exan^)les of severe S. Enteritidis infections include an outbreak among children 
in Liberia of which septicemia, meningitis and subcutaneous abscesses were common 
(Hadfield, Monson & Wachsmuth, 1985), and a case of recurrent S. Enteritidis 
meningitis in an AIDS patient (Gutierrez et al., 1995). 
Patients with salmonella gastroenteritis should be given supportive 
therapy to prevent dehydration and electrolyte imbalance. Antibiotic treatment is not 
indicated as it can prolong the carrier state and is reserved only for patients who are 
acutely HI with systemic symptoms. The antimicrobials of choice include 
•“ “ _ - - - ~ - . — 4 
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Table 1-1. The nomenclature and antigenic structure of S. Enteritidis 
Genus Species Group serotype O antigens H antigens 
phase 1 phase 2 
Salmonella enterica Di Enteritidis 1,9,12 g3m [1,7] 
[]antigens present in some strains only. 
Reference: Parker & Duerderij 1990. 
5 
chloran^henicol, ampicillin, and trimethoprim-sulfamethoxazole (Mahon & Manuselis 
Jr., 1995). With the advent of the fluoro-quinolones such as ofloxacin and 
ciprofloxacin which can achieve very high tissue concentration (Andriole, 1990) these 
drugs have been used in the treatment of S. Enteritidis infections (New Zealand 
Conunuiiicable Disease Centre, 1991; Trauner et al., 1995). Because the fluoro-
quinolones can affect joint cartilage they have been used with reservation in children 
and pregnant women. 
Man acquires the infection by ingestion of bacteria in food and 
water. Since food animals are the normal reservoir of S. Enteritidis and no good and 
effective method of control at the food production level is available (Cox, 1995), the 
best way to prevent infection would be to ensure proper food preparation techniques 
and good personal hygiene practices and to educate consumers in these aspects. 
C. Global increase in the prevalence of S. Enteritidis 
Salmonellosis remains a major public health problem in many parts 
of tlie world despite general improvement in sanitary conditions. Over the past 10 
years, human and animal infections due to nontyphoidal salmonellae, especially S. 
Enteritidis, has been on the rise (Centers for Disease Control, 1987; Rodrigue, Tauxe 
& Rowe 1990; Rankling, 1993; Stubbs et al, 1994). S. Enteritidis has become the 
commonest Salmonella serotype isolated in many parts of the world (Rodrigue, Tauxe 
&Rowe’ 1990). 
Li 1979, only two countries reported S. Enteritidis as their most 
common Salmonella serotype (Table 1-2). However, in 1987, nine countries reported 
I : . — . - ’ - 6 
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Table 1-2. Countries reporting S. Enteritidis as their most common 
salmonellae isolates in 1979 and 1987 
Year 1979 1987 









Reference: Rodrigue, Tauxe & Rowe, 1990. 
• -. -- - - 7 
- - - \ -
“ — ~ - _ -
— • ~ 
S. Enteritidis as their most common serotype, eight of which were in Europe (Rodrigue 
Tauxe&Rowe 1990). 
Table 1-3 shows countries which had two- to 35-fold increase in the 
incidence of S. Enteritidis. S. Enteritidis infections increased almost six-fold between 
1979 and 1989 in the United States (Centers for Disease Control, 1990). However, 
such increase varied amongst different states. Whilst S. Enteritidis accounted for 
approximately 37% of all Salmonella isolates in Maryland in 1990 conqjared to 5% in 
1979 (Morris Jr. et al., 1992) the incidence of Enteritidis infections only doubled 
from 1980 to 1990 in Minnesota (Hedberg et al., 1993). According to reports from the 
Centers for Disease Control and Prevention Salmonella Surveillance System, S. 
Enteritidis represented 21% of all Salmonella isolates from human sources (8,591 
human cases of S. Enteritidis) and 14% from nonlmmaii sources (Centers for Disease 
Control, 1991). It surpassed S. Typhimurium in becoming the most common 
Salmonella serotype in 1990 in the U.S. (Usera et al., 1994). 
In the United Kingdom, S. Enteritidis became the second or third 
most prevalent Salmonella since 1975 (Ward, Rowe & de Sa, 1987). The number of 
isolates from humans had risen dramatically from 995 in 1980 to 5,529 in 1986 (Ward, 
Rowe & de Sa, 1987) and had increased six-fold from 1986 to 1990 (Foodbome 
disease surveillance in England and Wales, 1990). In 1988, S. Enteritidis accounted for 
55% of the 27,478 human Salmonella isolations (Frost, Ward & Rowe 1989). During 
1990 - 1991, S. Enteritidis was more than three times as common as S. Typhimurium 
and became the most important Salmonella serotype (Communicable Disease 
Surveillance Centre, 1991). In 1992, more than 20,000 S. Enteritidis strains were 
identified, and this represented a 19-fold increase over the 12-year period (Threlfall et 
- ‘ 8 
Table 1-3. Rate of increase in the number of cases of S. Enteritidis 
Country Period Rate of increase Reference 
Switzerland 1979 - 1987 61% Stanley ¢/a/” 1992c 
U.S.A. 1979 - 1989 six-fold Centers for Disease Control, 1990 
United Kingdom 1981 - 1990 19-fold Anonymous, 1990 
Spain 1982 - 1987 > two-fold Lujan et aL, 1990 
Italy 1982 - 1992 24-fold Fantasia & Filetict 1994 
Germany 1985 - 1990 three-fold Kist, 1991 
Belgium 1986 - 1988 35-fold VoYAetaL, 1991 
France 1986 - 1990 seven-fold Hubert a/., 1991 
Greece 1987 - 1991 > two-fold Vatopoulos et al., 1994 
— - — - : 9 
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al. , 1994). S. Enteritidis had also become the most common Salmonella isolated from 
food animals since 1988 (Anonymous, 1990). 
Salmonella spp were the primary bacterial agents responsible for 
foodbome outbreaks of human gastrointestinal disease in France (Buisson, 1992). S. 
Typhimurium was the predominant serotype isolated whilst S. Enteritidis was only 
rarely isolated before 1986. However, between 1986 to 1990 the rate of isolation of S. 
Enteritidis increased seven-fold and became the second commonest salmonellae 
isolated (Hubert et al., 1991; Watier, Richardson & Hubert 1993; Millemaini et al., 
1995). 
In Germany, a nearly three-fold increase in human salmonellosis 
cases was observed from 1985 to 1990 due mainly to the increase in the incidence of 
Enteritidis (Kist, 1991). 
In Greece, there was also a sharp increase in the rate of isolation of 
S. Enteritidis from humans from 30% of the total Salmonella isolations in 1987 to 
about 82% in 1991 (Vatopoulos et al., 1994). 
In Switzerland, the number of S. Enteritidis isolations remained 
constant before 1981 but in 1983 the isolation rate increased by 61% (Stanley et al., 
1992c). Between 1984 and 1989, the number of reported Salmonella isolates increased 
by an average of 51% per year with the increase attributable almost entirely to S. 
Enteritidis (Binkin et al, 1993). 
A 10-fold increase in S. Enteritidis isolates between 1983 and 1987 
was documented in Spain (Binkin et al., 1993). Recent reports from Spain also showed 
S. Enteritidis as the most frequently isolated serotype, constituting 86% of the total 
salmonellae isolated (Rivera et al., 1991). 
—— . " — 
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In Belgium, in 1986, only 0.4% of all salmonella strains isolated 
from animals were S. Enteritidis, but in 1987 the proportion rose to 7% and in 1988 to 
14%(Pohl^a/ . , 1991). 
In Italy, the number of S. Enteritidis isolated from humans had 
increased gradually since the early 1980s, but more drastically during 1984 - 1985 and 
1987 - 1988 (Binkin et al., 1993). In some parts of the country, the isolation rate of S. 
Enteritidis rose from 4% of the total hmnan Salmonella isolates in the mid-1980s to 
more than 30% in 1990. Between 1990 and 1991, the number of reported S. Enteritidis 
cases increased by more than six-fold, from 5 in 1990 to 33 in 1991. Most cases 
occurred in northern and central Italy during the hotter months of June to October 
(Binkin etal., 1993). 
In Russia, the number of S. Enteritidis isolations started to rise in 
1986 (Hasenson et al., 1992). In Poland, most sporadic cases and outbreaks of food 
poisoning and intestinal infections were caused by Staphylococcus aureus in 1961 -
1970 but are replaced by S. Typhimurium in 1970s and by S. Enteritidis in 1983 - 1989 
(Przybylska, 1990). Substantial increases of S. Enteritidis isolations have also been 
noted in Hungary, Sweden, Norway, Finland, Czechoslovakia and Africa since the 
early 1980s (Gaislerova & Janouskova 1984; Hadfield, Monson & Wachsmuth 1985; 
Rodrigue, Tauxe & Rowe 1990). 
In a hospital in Liberia, S. Enteritidis replaced S. Typhi as the most 
common organism isolated from blood even though it was only isolated from patients 
on the pediatric ward. Moreover, S. Enteritidis was isolated more frequently than other 
organisms among patients at that hospital (Monson, 1982; Monson, Smith & Boos, 
- : - ll 
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1984). In Rwanda and Uganda, S. Enteritidis was also a common salmonella serotype 
isolated (Lubwama, 1985 Habiyaremye et al., 1986). 
In Hong Kong, Wong and colleagues (1994) observed a significant 
increase in the isolation of group D salmonellae since 1989 in a large general hospital 
from 1982 to 1993. The increase was due to a substantial rise in S. Enteritidis isolation 
from stools and extraintestinal sites, causing it to be the commonest group D 
Salmonella isolate and the third commonest Salmonella serotype from extraintestinal 
sources (Wong et al., 1994). 
Although the reason for the global increase of S. Enteritidis is not 
clear, investigations in some countries suggested it was related to consumption of eggs 
and poultry which harboured the organism (Rodrigue, Tauxe & Rowe 1990; 
Hasenson et al., 1992; Monis Jr., et al, 1992; Binkin et al., 1993). Epidemiological 
investigations showed that eggs or egg-containing foods were the sources of infection. 
Ingestion of raw or undercooked eggs containing the organism was responsible for a 
number of recent S. Enteritidis outbreaks (Morris Jr. et al., 1992). Besides, S. 
Enteritidis has been isolated from the yolk and albumen of eggs of hens (Hinton et aL, 
1989; Timoney et al., 1989; Gast & Beard 1990; Shivaprasad et aL, 1990). 
The reason for the surge in S. Enteritidis isolation in Hong Kong 
was also unknown (Wong et aL, 1994). Since the breeding stocks for layers and 
broilers of local farms were mostly imported from overseas, chiefly North America, 
where eggs and chickens were usually sources of outbreaks of S. Enteritidis, prior 
infection of poultry stocks in their breeding grounds with S. Enteritidis and rapid 
dissemination among the flocks would probably explain the spread of S. Enteritidis to 
this locality. 
- - r — — 12 
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D. Susceptibility of 5. Enteritidis to antimicrobial agents 
As for other gastroenteric salmonellae, both resistance and multiple 
resistance were uncommon in S. Enteritidis (Rankling et al., 1989; Parker & Duerden, 
1990; Threlfall, Rowe & Ward, 1993). Studies have shown that most isolates of S. 
Enteritidis were sensitive to antibiotics such as ampicillin (A), cephalothin (Cth), 
carbenicillin (Car), chlorarrphenicol (C) gentamicin (G), kanamycin (K) neomycin 
(N), streptomycin (S) tetracycline (T), sulphonamides (Sul), trimethoprim (Tm), 
cotrimoxazole (Sxt), furazolidone (Fu) and nalidixic acid (Nx). Table 1-4 lists some 
reports of the antimicrobial susceptibility ofS. Enteritidis. 
In the United States, Rodrigue and co-workers (1992) studied 65 
sporadic strains of S. Enteritidis isolated from 1979 and 1984 and 43 strains from 20 
outbreaks of Enteritidis infections between 1983 and 1987. They found that most 
sporadic and outbreak isolates (77% and 86%, respectively) were sensitive to 
antimicrobial agents such as A, C, Sxt and the aminoglycosides. However, Nair and 
colleagues (1995) showed that only 50% of humaii isolates of S. Enteritidis in the 
midwestem United States were susceptible to all antimicrobial agents tested. Thus, the 
susceptibility of this organism varies amongst different places of isolation. 
S. Enteritidis strains isolated in England and Wales had a similar 
level of antibiotic resistance as those isolated in the United States. About 11% - 15% 
of strains isolated from man during the period 1981 and 1988 were drug resistant 
(Ward, Threfall & Rowe, 1990; Threlfall, Rowe & Ward 1993). A similar situation 
was also found in Spain. Eight to 11% of strains isolated from clinical sources between 
1980 and 1994 in different parts of Spain were drug resistant (Alos et al., 1990; de 





























































































































































































































































































































































































































































































































S. Enteritidis isolated in other parts of Europe had a lower level of 
resistance. In Denmark, strains isolated from human beings during 1989 - 1990 showed 
4% resistance (Brown et al., 1994) while those isolated in Italy during 1982 - 1992 
showed only 2% resistance (Fantasia & Filetici, 1994). Amongst the 18,226 human S. 
Enteritidis strains isolated in Hungary between 1984 and 1989, only 1% were 
multiresistant (Hasenson et al., 1992). 
Nonhuman isolates of S. Enteritidis had similar rates of 
antimicrobial sensitivity as human isolates. Rodrigue and co-workers (1992) studied 46 
animal isolates selected from the U.S. Department of Agriculture Veterinary Services 
Laboratory in 1986 and 1987 and found that 76% of these strains were sensitive. In 
Englaiid and Wales, all the 32 strains of S. Enteritidis isolated from food animals in 
1981 were drug sensitive, while 14% of 3,832 isolates from poultry and 5% of 74 
isolates from catties in 1990 were drug-resistant (Threlfall, Rowe & Ward 1993). In 
Belgiuni, of 54 strains of animal origin isolated during 1978 - 1984 and 1987 - 1989, 
7% were antibiotic-resistant (Pohl et al., 1991). In Canada, 83% S. Enteritidis strains 
isolated from poultry and their environment were sensitive to antimicrobial agents 
(Poppe et al., 1993; Poppe, 1994). In Denmark, strains isolated from nonhuman 
isolates during 1989 - 1990 showed 1% resistance (Brown et al,, 1994). Of 260 strains 
of S. Enteritidis isolated from poultry in the Czech Republic during the period 1991 -
1992, less than 2% were resistant (Cizek & Kovarik 1994). 
Frost and colleagues (1989) attributed the relative rarity of drug 
resistance in this organism to its being a poor plasmid recipient due to presence of a 
specific restriction system which destroyed incoming DNA. Since the most probable 
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source of human infection is food animals, it is not surprising that both human and 
nonhuman S. Enteritidis strains had similar levels of antibiotic resistance. 
However, there has been a rise in the level of drug resistance in S. 
Enteritidis. In Spain, the incidence of resistance to ampicillin increased from 3% in the 
1980s to 46% in the 1990s (Ramos, et al., 1996). There was also an increase in the 
prevalence of anq)icillin-resistant S. Enteritidis in Greece. The high incidence of 
ampicillin-resistance was probably due to resistance genes being present on 
transferable plasmids (Vatopoulos et al., 1994; Banguellil et al., 1995). It is interesting 
to note that the recent surge of extended-spectrum TEM-type P-lactamases in other 
bacterial species has spread to S. Enteritidis (Vatopoulos et al., 1994; BargueM et al.7 
1995). 
The rapid spread of plasnaid-mediated resistance was also 
demonstrated by tetracycline-resistant S. Enteritidis isolated in a city in Japan, which 
was responsible for an outbreak in 1991 and subsequently spread to other cities of the 
country (Honda & TanigucMj 1994). 
Other than resistance to a single antibiotic, multiple resistance has 
also emerged in S. Enteritidis. Strains resistant to seven antibiotics were first noted in 
1980 in Liberia, West Africa (Hadfield, Monson & Wachsmuth 1985) and were 
subsequently also reported in the Central African Republic (Georges-Courbot et al., 
1990). A similar situation was found in England and Wales since 1988 (Frost, Ward & 
Rowe, 1989; Ward, Threlfall & Rowe 1990) and an outbreak caused by strains 
resistant to five antibiotics including chloranqjhenicol and trimethoprim was also 
reported (Threlfall, Rowe & Ward, 1992). 
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E. Methods for the epidemiological typing of S. Enteritidis 
Strain differentiation is essential for the epidemiological 
investigation of sporadic and outbreak cases of infection. This has been done 
traditionally by biochemical and serological methods. However, these are only for the 
identification of the organism. Available methods for epidemiological study can be 
grouped according to whether the phenotype or the genotype of the organism is 
characterized. 
1. Phenotypic methods 
These include biotyping, resistance (antibiogram) typing, phage 
typing and plasmid characterization. 
(1) Biotyping 
Biotyping is the differentiation of strains according to their ability to 
ferment different substrates. A biotyping scheme for Salmonella spp was developed in 
1937 based on nine substrates (Kristensen, Bojlen & Faarup 1937). Since then, more 
biochemical markers had been used (Duguid et aL, 1975; Old & Barker 1989; Odongo 
et aL, 1990; Threlfall & Frost, 1990). Recently, Katouli and colleagues (1993) used 
the Phene Plate system (the PhP-S, Biosys inova, Stockholm, Sweden) for typing S. 
Enteritidis. This system was based on 12 substrates and was found to be a useM 
method for epidemiological analysis of S. Enteritidis strains. It could detect identical 
strains as well as showing relationships among similar ones. Although biotyping is 
simple and reproducible, it is laborious and less discriminatory than other typing 
methods. 
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(2) Antibiotic resistance pattern 
One strain which is resistant to certain antibiotics would be 
regarded as different from another strain which is resistant to other antibiotics, that is, 
they have different antibiotic resistance patterns. The susceptibility to various 
antimicrobial agents can be detected either by the disc diffusion test or by determining 
the minimal inhibitory concentrations of antibiotics by the agar or broth dilution 
methods (BSAC 1991). 
However, strains which have the same resistance pattern may not be 
the same while those with different patterns may not be different. This is especially true 
for plasmid- or transp oson-mediated resistance since plasmids or transposable elements 
may be easily gained or lost. Mutation in different gene loci of the same organism 
which occurs at a much lower frequency may also account for the difference. Besides, 
this method would not be useful in studying strains such as S. Enteritidis that are 
mostly sensitive (Rampling et al., 1989; Parker & Duerden, 1990; Threlfall, Rowe & 
Ward, 1993). 
(3) Phage typing 
Phages (bacteriophages) are viruses capable of infecting and 
multiplying within bacteria thus leading to lysis of bacterial cells and release of further 
infective phage particles or existing as a relatively stable prophage within the bacterial 
cell Phage typing is based on the ability of different phages to lyse bacterial strains. 
Ward and colleagues (1987) developed a phage typing scheme for S. Enteritidis in 
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which ten serologically distinct phages isolated from a variety of sources were used. At 
present, 44 phage types of S. Enteritidis have been identified. 
Several disadvantages of phage typ^g limit its use in the 
epidemiological study of S. Enteritidis. Environmental conditions can affect the 
sensitivity of bacteria to infection by phages. S. Enteritidis PT 4 could be converted to 
PT 7 by loss of lipopolysaccharide (Chart et al., 1989), to PT 9a as a result of mutation 
affecting phage receptors (Powell et al., 1995), and to PT 24 due to acquisition of a 
drug resistance plasmid (Frost, Ward & Rowe, 1989). Besides, phage typing is tedious 
and careful maintenance and propagation of phages are required. Thus, it is only 
performed in reference laboratories. It is also of limited use in places where a small 
number of phage types predominate. 
(4) Characterization of plasmids 
Plasmids are covalently closed, circular, double-stranded 
extrachromosomal DNA elements which replicate independently of the bacterial 
chromosome. They are not essential for the survival of the cell and encode a variety of 
functions such as resistance to antibiotics or heavy metals or virulence. Properties 
which are detectable in the laboratory can be used as markers for characterization of 
bacterial strains (Anderson & Threlfall^ 1974; Frost, Threlfall & Willshaw 1983). 
Cryptic plasmids are those whose functions are unknown and therefore cannot be 
examined by methods used for plasmids conferring detectable properties on the host. 
However, plasmid analysis in epidemiological study of bacterial infections is of limited 
use since it can only be used to study strains which harbour plasmids. Besides, 
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plasmids may not be stably maintained by the host cell as they can be gained or lost, so 
that daughter cells of the same strain may have different plasmid profiles. 
a. Resistance plasmids 
, Resistance plasmids or R-plasmids carry genes which confer 
antibiotic resistances on their hosts. Resistances which are mediated by plasmids are 
usually due to the production of drug-destroying enzymes. Such resistances are usually 
of high-level and the minimal inhibitory concentrations are accordingly high. 
Exan^ples of R-plasmids found in S. Enteritidis include a 34 Md 
plasmid coding for ampicillin-resistance (Vatopoulos et al., 1994), a 120 Md plasmid 
coding for multiple drug resistance (Hadfield, Monson & Wachsmuth, 1985) and a 25 
Md plasmid coding for tetracycline-resistance (Frost, Ward & Rowe 1989). 
b. Transferability of plasmids 
Plasmids can be characterized by their ability to transfer between 
bacterial cells by conjugation. Plasmids which contain a transfer factor, i.e. genes 
which determine transferability of the plasmid, can be transferred from one bacterial 
organism to another while those which do not have this transfer factor cannot be 
transferred. The transferability of a plasmid can be detected by mixing logarithmic 
cultures of the donor (strain with an R-plasmid) and recipient (strain with no R-plasmid 
but with a chromosomal resistance marker that is absent in the donor), and then 
selecting for transconjugants, i.e. recipient cells which have received the R-plasmid 
from the donor, on a medium containing an antibiotic to which the donor is resistant 
-
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(coded for by the R-plasmid) and another antibiotic to which the recipient is resistant 
(coded for by chromosomal genes). 
Plasmids with a transfer fector can mobilize a non-autotransferring 
plasmid (Freifelder, 1987). To detect whether a non-transferable plasmid is mobilizable 
by a transfer factor, the donor is first niixed with the strain with a transfer factor and 
then with the recipient and transconjugants were selected as described above. 
c. Incompatibility 
Plasmids can be classified into different inconqjatibility groups by 
their ability to coexist with plasmids of known incompatibility groups within the same 
cell (Grindley, Grindley & Anderson, 1972). Plasmids belonging to different groups 
can stably coexist, i.e. they are compatible, while plasmids of the same group cannot 
coexist together in a bacterial cell, i.e. they are incomqpatible, and the incoming plasmid 
will displace the resident one, so that there is a change of those properties of the cell 
which are conferred by genes on the resident plasmid. 
2. Molecular methods 
Molecular methods can be used to estimate the size, to determine 
the number and location of specific restriction sites and the nucleotide sequence of 
plasmid or chromosomal DNA. 
(1) Plasmid analysis 
Determination of the plasmid profile and identity of plasmids can be 
used to differentiate strains oiS. Enteritidis. 
I “ - - : — . 2 1 
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a. Plasmid profile 
Plasmid profile is the number and size of plasmids present within a 
strain. Strains which have the same plasmid profile probably belong to the same clone. 
Plasmid DNA is released from cells by lysis, and then prepared from chromosomal / 
DNA and cell debris by treatment with alkali and organic solvents. The plasmid 
preparation is then separated on agarose gels by electrophoresis. Since the rate of 
migration of DNA molecules is inversely proportional to the logarithm of their 
molecular sizes (Aaij & Borst 1972), the size of unknown DNA molecules can be read 
off from a graph of the log of distances traveled by the DNA of known molecular 
weights versus their molecular weights. 
b. Plasmid fingerprinting 
Plasmids of the same size may not be identical (Olsvik et al., 1985) 
and have to be further characterized by restriction endonuclease digestion. This is 
performed by digesting plasmid DNA with restriction endonucleases (enzymes 
produced by bacteria that cleave DNA at specific recognition sites) and the resulting 
DNA fragments separated on agarose gel electrophoretically to observe RFLP 
(restriction fragment length polymoiphism, Le. difference in the number and size of 
fragments) (Wachsmuth, 1986). Plasmids with the same "fingerprint", i.e. with no 
RFLP, are likely to be identical. 
Plasmid analysis has been used to investigate the epidemiology of S. 
Enteritidis. Table 1-5 shows results of studies of S. Enteritidis plasmids. Plasmids in 
these strains ranged from 1 Md to 140 Md in size while those of 35 - 40 Md were 
- — -
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serotype-specific and present in most strains (Table 1-5). However, Brown and 
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colleagues (1993) noted that only certain phage types of S. Enteritidis (PT 4, PT 8 and 
PT 13a) harboured this serotype-specific plasmid, Threlfall and colleagues (1989) 
found that common PT such as PT 4 in the United Kingdom and PT 13a in the U.S. 
could be divided by plasmid profile analysis. Ward and co-workers (1987) showed that 
27 strains of S. Enteritidis studied harboured plasmids in 11 different profiles while 
Threlfall and colleagues (1989) showed that of 534 strains tested, only seven were 
plasmid-free while the rest harboured plasmids in 22 profiles. Rodrigue et al. (1992) 
showed that 65 sporadic and 43 outbreak isolates in the U.S. had similar distributions 
of 11 plasmid profiles. MiUemann et al (1995) showed that 14 S. Enteritidis strains 
could be divided into two groups by plasmid profiling although they were not 
discriminated by either ribotyping or IS200 typing. 
(2) Chromosomal DNA fingerprinting 
Since plasmid analysis can only be applied to strains which harbour 
plasmids and such plasmids may not be stably maintained, other methods such as those 
analysing chromosomal DNA have to be used for the epidemiological study of S. 
Enteritidis. 
Chromosomal DNA can be analysed by observing RFLP of 
restriction fragments as for plasmids. DNA is first released from cells by lysing with 
lysozyme and a detergent, treated with a proteolytic enzyme to remove cellular 
proteins and with ribonuclease to remove ribosomal RNA, extracted with organic 
solvents and then precipitated with alcohol (Roussell & Chabbert, 1978; Davis, 
Botstein & Roth, 1980). It is then digested with restriction enzyme and the fragments 
separated by electrophoresis on agarose gels. However, a large number of fragments 
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are usually produced making interpretation difficult. Several ways can be used to 
facilitate interpretation, such as using special restriction enzymes and electrophoretic 
methods or hybridiziiig restriction fragments with a specific gene probe. 
a. Restriction fragment length polymorphism (RFLP) of 
chromosomal DNA 
Instead of using restriction endonuclease which recognize common 
sites to digest chromosomal DNA for RFLP study, enzymes which cut DNA at rare 
sites, the so-called rare-cutters, are used to produce a smaller number of bands for 
corrqjarison. However, an enzyme may be a rare-cutter for one bacterial species but 
not for another so that each has to be tested for the organism to be studied. 
Alternatively, parameters of electrophoresis are modified so that bands of molecular 
mass 8 Kb to 50 Kb are well resolved for analysis (Maher, Kobe & Fass, 1993). 
Since rare-cutters may be difficult to search for and the number of 
bands resolved by special electrophoretic techniques may not be numerous enough for 
analysis, studies using these methods for epidemiological study of S. Enteritidis are 
few. Bautsch (1993) used Not! to digest chromosomal DNA of S. Enteritidis PT 4 
strains and demonstrated that they were clonal in nature. 
b. Pulsed-field gel electrophoresis (PFGE) 
Pulsed-field gel electrophoresis (PFGE) is another method of 
electrophoretic separation which provides good resolution of restriction fragments. 
6CPulse" of the term PFGE is the duration of each alternating electric field used to 
separate DNA. During each pulse, DNA molecules are forced to change direction with 
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larger ones changing slower than smaller ones so that the speed of migration is 
retarded (Schwartz & Cantor, 1984). 
Since conventional electrophoresis cannot separate DNA molecules 
larger than 50 Kb, PFGE was developed initially for the separation of DNA molecules 
ranging from 50 to 12 000 Kb (Schwartz & Cantor 1984). Conditions of PFGE were 
subsequently modified to resolve DNA of any size (Smith & Condemine, 1990). As for 
conventional electrophoresis, the mobility of DNA molecules in pulsed-field gels is 
inversely related to their molecular weight which can thus be calculated (Vollrath & 
Davis, 1987). 
PFGE has been used for studying the epidemiology of a wide 
variety of bacteria (Bautsch, 1993) and has been claimed to be the most discriminatory 
method for S. Enteritidis (Olsen et al., 1994, Liebisch & Schwarz, 1996). 
c. Hybridization with specific gene probes 
The restriction fragments from RFLP can be hybridized with DNA 
probes to allow further interpretation. Only fragments with sequences homologous to 
the probes would hybridize with the probes. These probes can be labelled isotopically 
or non-isotopically, e.g. biotinylated or digoxigenin-labdled. 
After DNA fragments are separated on an agarose gel 
electrophoretically, they are transferred onto a solid support such as nitrocellulose or 
nylon membrane by various means. The first transfer was done by Southern (1975) 
(hence the name "Southern transfer") which utilized capillary action to draw single-
stranded DNA fragments from the gel to the membrane in the presence of buffer. 
However, this process is very slow and various methods have been used to speed it up, 
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such as by using a high voltage in an electroblotting unit (Bittner, Kupferer & Morris 
1980) or by a low pressure vacuum in a vacuum blotting system (Medveczky et al., 
1987; Olszewska & Jones, 1988). DNA is permanently fixed onto nitrocellulose by 
baking at 80°C or onto nylon ones by exposure to ultraviolet irradiation. The 
membrane can then be hybridized with a labelled DNA probe and hybridized regions 
visualized by different means depending on the method of labelling of the probe. 
The DIG system (Boehringer Mannheim) is one of the non-isotopic 
methods for labelling of probes. It uses digoxigenin (DIG), a steroid hapten, to label 
DNA. The DIG is linked via a spacer arm to the corresponding nucleotide of the probe 
which is thus labelled. Hybridized fragments are detected by enzyme-linked 
immunoassay using an antibody-conjugate (aiiti-digoxigenin alkaline phosphatase 
conjugate, anti-DIG-AP) and subsequent enzyme-catalyzed color reaction with 5-
bromo-4-chloro-3-indolyl phosphate (BCIP) and nitroblue tetrazolium salt (NBT). An 
insoluble blue precipitate will result (Figure 1-2). 
Tompkins and associates (1986) used random fragments of total cell 
DNA to investigate the epidemiology of ^ Enteritidis in the United States. They found 
that the majority of strains had a homogeneous probe fingerprint although they had 
different plasmid profiles, indicating that they were probably clonal in origin and with 
plasmids being unstably maintained. 
d. Ribotyping 
Ribotyping is a method which is similar to that described in section 
E.2.(2).c above except that ribosomal RNA (rRNA) is used as a probe (Grimont & 
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- _ ~ : - — — -- ' - — 
Linear denatured DNA 
+ random hexanucleotides \ / \ / \ 
+ dATP, dCTP, dGTP, dTTP + DIG-dUIP • 
+ Klenow enzyme 
<><> 
Synthesis of labeled DNA ^ ^ I — — I 
Filter-bound homologous 
DNA + labeled DNA / / 
(Hybridization) 
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Figure 1-2. DIG nucleic acid labelling and detection. 
anti-DIG-AP = anti-digoxigenin-alkaline phosphatase 
BCIP = 5 -bromo-4- chlor o- 3 -indolyl phosphate 
NBT = nitroblue tetrazolium salt 
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Grimont, 1986). It is based on the detection of rRNA operons which are present in 
several copies and at different locations in the bacterial chromosome. Since rRNA 
g^aes are very conserved in bacteria, an rRNA probe prepared from Escherichia coli 
can be used universally. In this method, the number and size of fragments which 
hybridized with the probe (ribotype) are compared. The validity of this method 
f 
depends very much on the restriction enzymes used so that different restriction 
enzymes have to be tested for different organisms. 
In order to label RNA with the nonradioactive DIG system, cDNA 
is first synthesized from the RNA by reverse transcriptase with random 
oligonucleotides as primers and a mixture of deoxyribonucleotides containing DIG-11-
dUTP for elongation. This results in incorporation of DIG into the newly synthesized 
cDNA. 
Results of the usefulness of ribotyping in the epidemiological study 
of S. Enteritidis have been conflicting. Some workers demonstrated its usefulness 
(Martinetti & Altwegg 1990; Thong et al., 1995), while others found that it could not 
discriminate strains of some phage types (Martinetti & Altwegg 1990; Olsen et al., 
1994; Liebisch & Schtwar* 1996). 
e. Insertion sequence 1S200 fingerprinting 
IS200 is an insertion sequence of 708 bp which is present in several 
copies on the chromosome of many salmonellae and shigellae (Lam & Roth, 1983; 
Gibert, Barbe & Casadesus, 1990). It rarely transposes under laboratory conditions so 
that it can be used as a probe for discriminating strains of salmonellae. In principle, 
IS200 fingerprinting is the same as ribotyping except that IS200 is used as a probe. 
29 
The usefulness of this method depends on the number of copies of 
1S200 within the chromosome, the smaller the number of copies, the less useful it will 
be; as well as on the restriction enzymes used for digestion of chromosomal DNA. 
IS200 fingerprinting has been used successfully to define clonal relationships between 
S. Enteritidis (Stanley, Jones & Threlfall^  1991), S. Berta (Stanley et al., 1992a), S. 
/ 
Heidelberg (Stanley et al., 1992b) and S. Bovis-morbificans (Ezquerra et al., 1993). 
(3) Polymerase chain reaction (PCR) 
Polymerase diain reaction (PCR) is an enzymatic amplification of a 
specific sequence of DNA using two primers that hybridize to opposite strands and 
flank the sequence to be amplified in the target DNA (Figure 1-3). Cycles which 
include template denaturation (separation of double-stranded DNA), annealing 
(hybridization of primers to tlie template DNA) and extension of the annealed primers 
by DNA polymerase are repeated so that there is an accumulation of the specific 
sequence. Since the product synthesized in one cycle can act as a tenqjlate in the next, 
the number of copies of the DNA sequence doubles at every cycle. 
Technically, a standard PCR is done in a 50- or 100-fil volume and 
contains the sarq)le DNA, potassium chloride, Tris-HCl, magnesium chloride, 
deoxynucleotide triphosphates (dATP, dCTP, dGTP, dTTP) and Taq polymerase. A 
few drops of mineral oil are used to seal the reaction and prevent condensation. The 
amplification is then performed in a thermal cycler using a program set to denature 
DNA tenq>late at a high temperature (e.g. 94 C) to anneal at a lower temperature (say 
55 C) and then to extend at a slightly higher temperature (e.g. 72°C) for a total of 30 
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Figure 1-3: Enzymatic synthesis of double DNA strands. 
DNA synthesis starts at two different priming sites on the two original teirqjlate 
strands. Polymerization always proceeds from the 5' phosphate to the 3' terminal OH 
group of the growing DNA strand. The newly synthesized strand will be 
complementary to the template. In the second cycle, the primers anneal to the original 
DNA strands and to the products from the first cycle, then primary and secondary 
products are created. After the third cycle (only partially shown), short double-
stranded fragments are synthesized on the denatured secondary products from the 
second cycle. 
- _ 31 
” — — _ - . 
• -
cycles. The PCR products can then be visualized on agarose gels after electrophoresis 
using ethidium bromide and UV illumination. These conditions can be varied 
accordingly to suit individual situations. . 
In 1990, a new and single PCR method, named arbitrarily primed 
PCR (AP-PCR) was developed (Williams et al, 1990; Welsh & McClelland, 1990). It 
is based on the air^Mcation of random DNA segments with single primers of arbitrary 
nucleotide sequence under such low-stringency conditions that allow the primer to 
anneal to multiple sites on the genomic DNA, resulting in an array of ainplified DNA 
fragments. Since this method does not require a particular set of primers and prior 
knowledge of the molecular biology of the organisms, it is therefore faster, sircqpler and 
more economical than other genomic typing methods. However, different primers and 
cycling conditions have to be tried for individual organisms, and it may take a long 
time to arrive the best primers and cycling conditions. AP-PCR has been used to study 
the epidemiology of S. Enteritidis in the United States (Fadl, Nguyen & Khan 1995; 
Lm etal., 1996). 
3. Other 
(1) Lipopolysaccharide (LPS) analysis 
Separation of lipopolysaccharide (LPS) using sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) can be used for the 
characterization of salmonella strains since lip op olysaccharides separate into 
polysaccharide chains of different lengths and produce a 'ladder" pattern which varies 
between, but not within, serotypes (Hitchcock & Brown 1983). Loss of the ability to 
synthesize LPS has been correlated with conversion of S. Enteritidis PT 4 to PT 7 
- - - “ 32— 
(Chart et al., 1989). Because LPS analysis can not differentiate some strains of S. 
Enteritidis which have no lipopolysaccharide (Seltmann, Voiget & Beer, 1994), its 
usefiilness in characterizing S. Enteritidis strains is limited. 
(2) Whole cell protein profile analysis, fatty acid profile analysis^ 
multilocus enzyme electrophoresis and Fourier-transform infrared spectroscopy 
Whole cell proteins are obtained by ultrasonic disruption of bacteria 
and low-speed centrifiigation, subjected to polyacrylamide gel electrophoresis and 
stained with alkaline silver nitrate solution (Rabilloud, 1992). The whole cell protein 
profiles from different bacteria are then compared visually. 
Fatty acid profiles can be analysed using gas liquid chromatography 
(Miller & Berger 1985; Miiller, Husmann & Nalik^ 1990). Both free and bound fatty 
acids are transformed into methyl esters by direct transesterification with 
trimethylsulphomum hydroxide and then separated by gas liquid chromatograpliy 
(Miller & Berger 1985; Miiller, Husmann & Nalik 1990). 
In multilocus enzyme electrophoresis, enzymes are first extracted 
from bacterial cells, separated by horizontal electrophoresis in starch gels, and then 
stained for individual enzymes (Selander et aL, 1986). 
In Fourier-transform infrared spectroscopy, bacterial cells are 
suspended in distilled water and dried in vacuo to get a transparent film The spectra 
are then recorded on spectrometer (Helm et al., 1991). 
Seltmann and co-workers (1994) used these physical-chemical 
analytical methods to type S. Enteritidis in order to evaluate their usefulness in 
differentiating related strains. It was found that both whole cell protein profile analysis 
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and Fourier-transform infrared spectroscopy could differentiate strains of Enteritidis 
(Seltmann, Voigt & Beer, 1994). 
F. Epidemiology of 5. Enteritidis in different parts of the world 
S. Enteritidis has recently emerged as one of the major food-bome 
pathogens causing acute gastroenteritis worldwide. Preliminary observations supported 
the assunq)tion of a clonal relationship of S. Enteritidis isolates in many countries 
(Liebisch & Schwarz^ 1996). S. Enteritidis PT 4 was responsible for a high percentage 
of human cases of food-bome disease in the United Kingdom (Ward, de Sa & Rowe 
1987; Anon, 1989; Chart, Threlfall & Rowe, 1989) and other parts of Europe (Paul & 
Batchelor, 1988; Cowden et al, 1989; Timoney ^ a / . , 1989; Pohl^a / . , 1991;Katouli 
et al., 1993; Bautsch, 1993). Although there was an increase in the incidence of 
infections caused by S. Enteritidis PT 24 in England and Wales (from 24 isolations in 
1987 to 201 in 1988) this was thought to be part of the epidemic spread of PT 4 since 
PT 24 was derived from PT 4 by acquisition of a drug resistance plasmid (Frost, Ward 
& Rowe 1989). PT 4 was also found in poultry (O'Brien, 1988) and shell eggs (Coyle 
et al., 1988). Strains of & Enteritidis of PT 7 and PT 9a isolated from a single patient 
over a six-week period were also derived from PT 4 either as the result of a mutation 
affecting the ability to express LPS or phage receptors, respectively (Powell et al , 
1995). 
Tonqjkins and colleagues (1986) showed that S. Enteritidis strains 
collected over a 30-year period from several disparate geographic locations in the 
eastern part of the United States were clonal in nature. More recent studies also 
showed that a particular phage type of Enteritidis (PT 8) was responsible for most 
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sporadic human and animal cases in the U.S. (Wachsmuth, 1986; Morris et al., 1992; 
Stubbs et al, 1994) and Germany (Katouli et al., 1993) as well as causing outbreaks in 
Canada (Khakhria, Duck & Lior 1991) and Switzerland (Usera et al, 1994). 
S. Enteritidis strains circulating in Malaysia and Switzerland were 
demonstrated by Thong and colleagues (1995) using PFGE (following digestion with 
Xbal, Spel and AvrH) and ribotyping (with Smal and Sphl) to be similar and thus 
probably clonally related. Those circulating in Italy from 1977 to 1994 were also 
similar since they belonged to the same PCR ribotypes (Lagatolla et al., 1996). 
However, Landeras and co-workers (1996) found that S. Enteritidis strains isolated in 
Spain were heterogeneous since they belonged to different Sphl and Pstl ribotypes. 
G. Objectives 
In view of the increasing iirqjortance of S. Enteritidis in causing 
gastroenteritis and other more serious generalized infections in Hong Kong, we aim to 
investigate various aspects of this organism: 
1. Susceptibilities of S. Enteritidis isolated in the Prince of Wales 
Hospital from 1986 to 1995 to commonly-used and newer antimicrobial agents will be 
tested; 
2. Mechanisms of high-level antibiotic resistance in resistant strains 
will be studied by characterization of resistance plasmids and P-lactamases; and 
3. The epidemiology of these isolates will be studied by plasmid 
analysis, total DNA fingerprinting, ribotyping and arbitrarily primed PCK The validity 
of these techniques for the routine epidemiological investigation of S. Enteritidis will 
be evaluated. 
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Chapter 2. MATERIALS 
AND METHODS 
MATERIALS 
Two hundred and fifty-two non-duplicate isolates of S. Enteritidis 
which survived out of a total of 316 isolates were studied. They were isolated from 
patients at the Prince of Wales Hospital (PWH) during the 10 year-period between 
January 1986 to December 1995. All isolates were identified by standard biochemical 
reactions (Lennette et al., 1992), serotyped by slide agglutination test using specific 
Salmonella antisera (Wellcome Diagnostics, Dartford, England) and stored on nutrient 
agar slants at room tenqjerature. 
All standard strains used for sensitivity testing and transferability 
studies ofplasmids, those with plasmids of known size as markers and those producing 
P-lactamases of known isoelectric points (pis) in this study are listed in Table II-1. 
Other materials and formulae of home-made buffers and solutions 
used in this study are listed in the appendix. 
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Table 11-1. List of standard strains 
Antimicrobial susceptibility testing .• 
Strain No. Organism 
NCTC 10418 Escherichia coli 
ATCC 25922 E. coli 
NCTC 10662 Pseudomonas aeruginosa 
ATCC 27853 P. aeruginosa 
NCTC 6571 Staphylococcus aureus 
Transferability studies 
Strain No. Organism 
14R525* E. coli, Flac+nalR 
RT641* Salmonella Typhimurium, type 6, A (fi" Fn transfer factor) 
48R626* S. Typhimuriun^ type 36, X (fi+ Fn transfer factor) 
Plasmid size markers (all present in E. coli) 
Strain No. Plasmid Molecular size (Kb) 
40R646* RP1 58 
48R626* X 62 
RT641* A 91 
40R268* TP125 98 
40R448* TP129 119 
28R823* TP116 221 
pi markers 
P-lactamase Organism 
TEM-5 Klebsiella aerogenes 5.6 
PSE-2 P. aeruginosa 6.1 
TEM-3 E. coli 6.3 
K-l K. aerogenes 6.5 
OXA-1 E. coli 7.4 
P99 Enterobacter cloacae 8.2 
* kindly supplied by Dr. B. Rowe, Division of Enteric Pathogens, Central Public Health Laboratory, 
London, U.K. . 
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METHODS 
A. Identification 
The isolates were identified by biochemical and serological 
methods. 
t 
1. Biochemical tests 
Isolates were identified by the API 20E system (bioMerieux, 
Marcy-l'Etoile, France). A single colony grown overnight at 37°C on MacConkey agar 
(Oxoid, Basingstoke, Hampshire, UK) was emulsified in 5 mL distilled water to give a 
homogeneous bacterial suspension and was then used to inoculate an API 20E strip 
After incubation at 37°C for 18 _ 24 hours results were read and scored to give a 
numerical profile. Identification was made using the Analytical Profile Index (API 20E 
2.0, 1990) supplied by the manufacturer. 
2. Serotyping 
All isolates were serotyped for the presence of specific somatic (0) 
and flageller (H) antigens. Isolates which were identified as S. Enteritidis were 
serotyped by the slide agglutination test using Salmonella O antiserum 9 and H 
antiserum g, m (Wellcome Diagnostics, Dartford, England) (Edwards & Ewing 1972). 
A loopfiil of saline suspension of j&esh colonies was mixed with a loopful of antiserum 
on a slide and positive reaction was indicated by presence of visible agglutination. 
38 
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B. Antimicrobial susceptibility testing 
The susceptibility of 5. Enteritidis isolates to different antimicrobial 
agents was tested by determining the minimal inhibitory concentration (MIC) using 
agar dilution method according to the British Society for Antimicrobial Chemotherapy 
(BSAC, 1991). Nineteen antibiotics and their range of concentrations tested are shown 
in Table II-2. Bacterial suspension containing approximately 10 colony forming units 
(cfus) (a ten-fold dilution of a MacFarland 0.5 suspension of overnight colonies in 
saline) was inoculated onto Iso-sensitest agar (Oxoid) plates containing serial two-fold 
dilutions of antibiotics using a multipoint inoculator (MIC-2000, Dynatech 
Laboratories, Inc., Virginia, USA). The final iaoculum per inoculation spot was 104 
cfus. For each strain, one agar plate containing no antibiotic was inoculated before and 
after inoculation of the antibiotic plates and used as growth controls. The inoculated 
agar plates were incubated at 37°C for 18 - 24 hours. The lowest concentration of 
antibiotic which inhibited visible growth was taken as the MIC. 
C. Characterization of P-lactamases 
Only strains which were resistant to ampicillin or the cephalosporins 
were subjected to the characterization of (3-lactamases, P-lactamases were released 
from bacterial cells by sonication and subjected to isoelectric focusing to determine 
their isoelectric points. 
1. Extraction of p-lactamases 
A heavy suspension of bacterial cells was prepared by emulsifying 
overnight colonies on a nutrient agar plate in 600 \\L phosphate-buffered saline 
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Table n-2. Antimicrobial agents and concentrations tested 
Antimicrobial agent Range of concentration (mg/L) 
Penicillins and cephalosporins 
Arr^picillin 0.03 _ 512 
Cephalothin 0.03 - 128 
Cefuroxime 0.03 - 128 
Ceftazidime 0.03 - 128 
Cefotaxime 0.03 - 128 
Ceftriaxone 0.03 - 128 
Aminoglycosides 
Gentamicin 0.03 - 128 
Tobramycin 0.03 • 128 
Netilmicin 0.03 128 
Amikacin 0.03 - 128 
Streptomycin 0.03 - 128 
Kanamycin 0.03 - 128 
Quinolones 
Nalidixic acid 0.03 - 128 
Ciprofloxacin 0.0075 - 8 
Ofloxacin 0.0075 - 8 
Others 
CMoranqjhenicol 0.03 - 128 
Cotrimoxazole 0.03 - 128 
(Sul&methoxazole : Trimethoprim 19 : 1) 
Tetracycline 0.03 - 128 
Rifampicin 0.03 - 128 
- 40 
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(Oxoid). The cells were pelleted by centrifuging for 5 minutes at 12,000 g using 
Biofuge 15 (Heraeus Sepatech, Osterode, Germany) and washed by resuspending in 
400 joL distilled water, pelleted as above and finally resuspended in 100 \\L distilled 
water. Sonication of the cells was performed using Soniprep 150 (MSE, England) at 
an amplitude of 10 microns for 30 seconds for 2 - 4 times each separated by an interval 
of cooling on ice. The sonicated preparation was centrifuged at 4°C for 30 minutes at 
12,000 g using Biofuge 22R to remove cell debris. The supernatant was carefully 
aspirated and placed in a fresh tube. Presence of (3-lactamase was tested by mixiiig a 
drop of supernatant with that of 0.5 mg/mL nitrocefin (Oxoid), a chromogenic 
cephalosporin which would develop a red color in the presence of (3-lactamase. The 
enzyme extract could be used immediately or stored at -70°C in 25 jiL aliquots for 
future use. 
2. Determination of isoelectric points (pis) 
Isoelectric point is the pH at which the net charge of a protein is 
zero. At pH below or above this point, the net charge, which represents the sum of 
positive and negative charges of the protein, varies from plus to minus. Thus in a pH 
gradient in which the pH increases towards the cathode, a protein will move towards 
the cathode under an electric field when it is placed at a pH lower than its pi and it will 
move towards the anode if it is placed at a pH higher than its pi. A stable pH gradient 
can be prepared using a mixture of carrier arr^holytes or ampholine which have 
different pis and will arrange themselves according to their pis in an electric field, with 
those of lowest pis at the anode and those of highest pis at the cathode. 
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Polyacrylamide is the medium which is normally used as the stabilizing medium in 
isoelectric focusing. 
P_lactamases were subjected to isoelectric focusing on an Ultroplior 
® 
Electrofocusing unit (LKB, Pharmacia) using LKB Ampholine PAGplate pH 3.5-9.5 
(LKB, Pharmacia) according to the manufacturer's instruction. An appropriate amount 
(usually 15 |iL) of samples and (3-lactamases of known pis as markers were applied 
onto dry sample application pieces placed on the surface of the geL Electrode stripes 
soaked with the appropriate electrode solutions (HEPES (0.4 M) (Sigma, St Louis, 
MO, USA) and NaOH (0.1 M) (BDH Laboratory Supplies, Dorset, England) as the 
anode and cathode solutions, respectively), were placed along the long edges of the 
gel. The electrodes were then aligned with the electrode stripes, the safety lid placed in 
position and the electrodes connected to the power supply (LKB 2197, LKB, 
Pharmacia). The sart^les were run at 1,600 V, 50 mA and 25 W for about 2 hours. 
Bands of P-lactamases were developed by placing a sheet of Whatman No. 54 paper 
(Whatman, England) soaked with nitrocefin solution (0.5 mg/mL in 0.1 M phosphate 
buffer pH 7) onto the gel. The pis of p-lactamases could be read off from a graph of 
pis of P-lactamases of known pis versus their distance from the cathode. 
D. Characterization of plasmids 
1. Genetic studies 
(1) Transferability of resistance plasmids 
Conjugation experiments were used to detect transferable resistance 
plasmids (Anderson, 1965a, b). The resistant S. Enteritidis (donor) and the sensitive 
standard strain, 14R525 (recipient) were grown in 1ST broth (Oxoid) to logarithmic 
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phase at 37°C (for about 4 hours) with shaking (100 rprri, Gyrotory Shaker-Model G2, 
New Brunswick Scientific Co. Inc., Edison, N.J., USA) and equal volumes (about 5 
mL) of donor and recipient cultures were then mixed and incubated overnight at 37°C 
or 28°C without shaking for effective conjugation. Most plasmids transfer efficiently at 
37°C except for Group H plasmids which transfer better at 28°C. Serial ten-fold / 
dilutions of the conjugation mixture were made and 0.1 mL each from the neat, 10'1-
2 . 3 • 
,10" - and 10' -fold dilutions was plated out on MacConkey agar (Oxoid) containing 
32 mg/L nalidixic acid and another antibiotic to which the donor was resistant. Only 
transconjugants, i.e. recipients which have received the resistance plasmid from the 
donor, can grow on this selective medium. To determine the number of recipient cells, 
/Z ‘ Q 
0.1 mL each from the 10" -, 10' - 10" -fold dilutions of the mixture was plated on plain 
MacConkey agar (Oxoid). Since transfer frequency (number of transconjugants per 
recipient cell) is not expected to be higher than 1 x 10"3, cells present in the 10"6-fold 
dilution should all be recipients rather than transconjugants. 
Susceptibility of ten colonies from selective plates to antibiotics to 
which their donor was resistant were tested by the agar dilution method as described in 
Section B but using a breakpoint concentration as listed in Table ni- l . 
(2) Mobilization of resistances 
If transferability of resistances could not be detected by conjugation, 
mobilization experiments would be performed. Logarithmic cultures of the donor and 
the strain containing the transfer factor X or A were mixed, incubated overnight 
without shaking at 37 C and then logarithmic culture of the recipient (14R525) was 
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added and again incubated overnight at 37°C without shaking. Transconjugants were 
selected and their susceptibility tested as described in Section D. 1.(1). 
2. Molecular studies 
(1) Plasmid proHle analysis 
Plasmid profile analysis is the determination of the number and size 
of plasmids present in bacterial strains. This can be done by extracting plasmids from 
cells and then separated on agarose gel electrophoretically. Since the mobility of 
plasmid is inversely related to its molecular size, its size can be read off from a graph 
of distance traveled versus molecular size of standard plasmids (Meyers et al., 1976). 
a. Plasmid extraction 
Crude preparation of plasmids suffices for the purpose of analysis of 
plasmid profiles. This was done by the method of Kado and Liu (1981). Several 
colonies grown overnight on nutrient agar were lysed in 200 juL lysing solution (3% 
SDS, 50 mM Tris, pH 12.6). The emulsion was incubated at 60°C for 1½ hours to 
denature chromosomal DNA. An equal volume of phenol and chloroform (1:1) was 
then added to extract plasmid DNAs. The tube containing the mixture was thoroughly 
mixed by gentle inversions for about 10 minutes and then centrifUged using Biofiige 15 
(Heraeus Sepatech, Osterode, Germany) at 12,000 g for 5 minutes. The upper aqueous 
layer containing plasmids was aspirated and used immediately for electrophoresis or 
stored at 4 °C for future use. 
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b. Agarose gel electrophoresis 
Plasmids were separated on 0.7% agarose gels electrophoretically 
using a horizontal gel apparatus GNA 200 (Pharmacia LKB). Agarose (Low EEO, 
Sigma) was melted in an appropriate volume of 0.5X TBE buffer (45 mM Tris, 45 mM 
boric acid, 1 mM EDTA, pH 8.3) and poured into the GNA 200 gel former to prepare 
/ 
a slab gel (20 cm x 14.5 cm). Plasmid extract (8.3 |iL) mixed with 1.7 \xL 6X loading 
buffer (0.25% bromophenol blue, 15% Ficoll type 400) was loaded into wells of the 
gel and then electrophoreses in a 0.5X TBE buffer system at 100 V using a Bio-Rad 
500/200 power supply for 4 - 5 hours. The gel was stained with ethidium bromide (0.5 
jag/mL in the running buffer, Sigma) for 30 minutes and then thoroughly washed with 
tap water. Plasmid bands were visualized and photographed under ultraviolet 
illmninination with a Polaroid MP4 Land Camera (Polaroid Corporation, Cambridge, 
Massachusetts, USA) using 667 films (Polaroid) through a red filter (Toshiba, Japan) 
for 10 seconds witli an aperture of 8. Distance between the origin of the gel and the 
plasmid was measured and the size estimated using the Gel Documentation Systems 
(GDS 8000, Ultra Violet Products LTD, Cambridge, England), 
(2) Plasmid DNA fingerprinting 
Plasmids of the same size may have different DNA sequences. To 
detect such differences, plasmids can be digested with restriction endonuclease and the 
resulting fragments separated on agarose gels electrophoretically and analysed. Crude 
plasmid preparation must first be purified before subjecting to digestion since it 
contains substances which can affect the activity of restriction endonucleases. 
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a. Preparation of pure plasmid DNA 
Pure plasmid DNA was also prepared by the method of Kado and 
Liu (1981) with modifications. Overnight colonies grown on nutrient agar were lysed 
with 600 |iL lysing solution as described in Section D.2.(l).a and incubated at 60oC for 
two hours. Extraction with organic solvents was also as described but with phenol-
chloroform (1:1) buffered phenol-chloroform-isoamyl alcohol (25:24:1) and finally 
chloroform-isoamyl alcohol (24:1). Plasmid was precipitated by adding 1/10 volume of 
3 M sodium acetate (pH 5.2) and two parts of ice-cold absolute alcohol and incubating 
at -70°C for 30 minutes. The solution was centrifuged at 12,000 g for 15 minutes at 
4°C using Biofiige 22R (Heraeus Sepatech) and the supernatant was removed carefully 
without disturbing the DNA pellet at the bottom. The DNA pellet was washed with 
ice-cold 70% alcohol, air-dried at roomtenq)erature overnight and then dissolved in 50 
jiL distilled water. 
b. Preparation of individual plasmid from strains harbouring 
more than one plasmid 
Individual plasmids in strains which harboured more than one 
plasmid had to be obtained before further characterization could be performed on 
them. Pure plasmids were separated on 0.7% agarose gels (Sigma) electrophoretically 
as described in Section D.2.(l).b but using a three-well comb at 100 V for 3 hours. 
The agarose gels were then stained and visualized as described previously. Individual 
plasmid bands were sliced out with a sterile scalpel under ultraviolet illumination and 
DNA eluted from the agarose using the Sephaglas™ BandPrep kit (Pharmacia 
Biotech) according to the manufacturer's instructions. Briefly, the agarose slice was 
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dissolved in 250 ^L gel solubilizer (Pharmacia Biotech) and incubated at 60°C until it 
was dissolved (about 10 minutes). Five microlitres of Sephaglas BP (Pharmacia 
Biotech) for each estimated |ig ofDNA was added and incubated at room tenq>erature 
for 5 minutes with gentle mixiiig to resuspend the sephaglas. The mixture was spun for 
10 seconds using BiofUge 15 (Heraeus Sepatech), and the supernatant was carefully 
removed. The pellet was washed three times with wash buffer (Heraeus Sepatech) 
using a volume eight times that of added sephaglas. The sephaglas pellet was air-dried, 
resuspended in 10 |iL (or 2Xs the volume of sephaglas added) Elution Buffer 
(Pharmacia Biotech) and incubated at room temperature for 5 minutes with periodic 
shaking. It was then centrifuged at 10,000 g for 1 minute and the supernatant 
containing DNA was carefully removed and stored at -20°C until use. 
c. Restriction endonuclease digestion of plasmid DNA 
Plasmid DNA was separately digested with EcoBJ (Promega, USA) 
and EcoRV (Gibco, USA). The restriction digest mixture consisted of 10 |iL plasmid 
DNA, 2 jjJL 10X enzyme buffer 10 units of enzyme and distilled water to make up to a 
total volume of 20 |iL. The mixture was then incubated overnight at 37°C. Four 
microlitres of 6X loading buffer were added to the mixture and all were loaded onto an 
0.8% agarose gel in GNA200 horizontal gel apparatus and run for 4 hours at 100 V to 
separate restriction fragments. 
E. Total DNA fingerprinting 
Since the majority of strains carried the same or similar plasmids, 
and some strains were plasmid-free, plasmid analysis alone can not reveal the 
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epidemiology ofS. Enteritidis. Characterization of genomic DNA has to be carried out. 
Total DNA was prepared from organisms by removing bacterial protein and ribosomal 
RNA and analysed using various methods as described below. 
1. Total DNA preparation 
Bacterial cells from 10 mL overnight broth culture were obtained by 
centrifuging at 4,310 g for 10 minutes at 4°C using a high speed centrifuge (CR20B3, 
Hitachi, Japan). The pellet was washed with 1 mL TE-1 buffer (50 mM Tris-HCl, 20 
mM EDTA, both at pH 8) and resuspended in 540 \xL TE-2 buffer (50 mM Tris-HCl, 
10 mM EDTA, both at pH 8), 12 \xL 10 mg/mL RNase, 30 \iL 10% SDS, 12 [iL 5 
mg/mL lysozyme and 6 |iL 20 mg/mL proteinase K The suspension was mixed with 
gentle inversions and then incubated overnight at 56°C. It was treated once with an 
equal volume of buffered phenol, twice with an equal volume of buffered phenol-
chloroform-isoamyl alcohol (25:24:1) and once with an equal volume of chloroform-
isoamyl alcohol (24:1) to extract DNA. DNA present in the supernatant was carefully 
removed and precipitated by adding 16 |j,L 5 M NaCl and 2 parts ice-cold absolute 
alcohol and then incubating at -70°C overnight. DNA was then pelleted and washed 
with ice-cold 70% alcohol, air-dried and dissolved in 1 mL distilled water. The 
concentration of the total DNA was quantified by GeneQuant™ (Pharmacia LKB). 
2. Restriction endonuclease digestion of total DNA 
Ten microlitres of total DNA prepared as described in Section E. 1 
(containing about 4 \xg of total DNA) were separately digested with Mlul and EcoRV 
as described in Section D.2.(2).c. Digested fragments together with 4 \xL loading 
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buffer were electrophoresed in a 0.5X TBE buffer system on 0.4% agarose gel (20 cm 
x 20 cm) using GNA 200 (Phamacia LKB). The Mlul digestion mixture was 
electrophoresed at 80 V for 15 hours, and the EcoRV digestion mixture at 100 V for 
nine hours. The gel was stained and visualized as described in Section D.2.(l).b. 
3. Ribotyping 
Total DNA was digested with PvuR, restriction fragments separated 
on agarose gels electrophoretically, transferred to solid support and then hybridized 
with a cDNA probe. 
(1) Restriction enzyme digestion of total DNA 
About 2 |j,g of total DNA (5 \xL of DNA preparation) were digested 
with 5 units ofPvuJl in a total volume of 20 \xL as described in Section D.2.(2).c. 
(2) Transfer of DNA fragments to solid support 
DNA fragments were separated on 0.8% agarose gels 
electrophoretically using GNA200 at 100V for 4½ hours. Gels were then treated with 
0.25 M HC1 for about 30 minutes to break the fragments into small pieces to facilitate 
transfer onto a solid support. Transfer of DNA on to nylon membranes (Hybond -
N+ Amersham, Buckinghamshire, England) was performed using a Vacuum Blotting 
System (LKB2016 VacuGene, Pharmacia LKB Biotech) in the presence of 0.4 M 
NaOH for 5 hours. Membranes were washed with 2X SSC (0.3 M sodium chloride, 
0.03 M sodium citrate, pH 7) and exposed to UV light to fix DNA. 
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(3) Reverse transcription of rRNA into cDNA and labelling of cDNA 
A mixture containing 2 jiL 10X hexanucleotide mix (DIG DNA 
Labelling Kit, Boehringer Mannheim), 4 fiL 5X reaction buffer for reverse 
transcriptase (Finnzymes, Finland), 0.25 |iL of rRNA (16S + 23S 4 |ig/|iL, 
Boehringer Mannheim) and 10.75 |iL of distilled water was heated at 68°C for 5 
minutes. The mixture was cooled slowly to room terqjerature and 2 |iL of 10X DIG 
labelled dNTP mix (DIG DNA Labelling Kit, Boehringer Maimlieim) and 3 |iL of 
Avian Myeloblastosis Virus Reverse Transcriptase (AMV-RT, 20 unit/fiL, Finnzymes, 
Finland) were added. The mixture was then incubated at 42°C for 1 hour. The labelled 
probe was purified on a Bio-spin 30 column (Bio-Rad), boiled for 10 minutes, cooled 
on ice for 5 minutes, and then used for hybridization or stored at -20°C for future use. 
(4) Hybridization 
Nylon membranes were pre-hybridized in 80 mL hybridization 
solution (5X SSC buffer, 0.1% N-laurylsarcosine, 0.02% SDS, 1% blocking reagent 
(Boehringer Mannheim)) in a hybridization oven (Autoblot Bellco Biotechnology) at 
68°C for 2 hours, and hybridized in 10 mL fresh hybridization solution containing 20 
|iL labelled cDNA at 68 °C overnight. 
After hybridization, membranes were washed twice each for 5 
minutes at room tenqjerature in 50 mL wash solution A (2X SSC, 0.1% SDS), and 
twice each for 15 minutes at 68 C in 50 mL wash solution B (0.1% SSC, 0.1% SDS). 
— _ " 50 
..- _ - - - - " ~ — — — _ 
(5) Detection of hybridized fragments 
This was performed by the DIG Nucleic Acid Detection Kit 
(Boehiinger Mamilieim) according to the manufacturer's instructions. Hybridized 
membranes were washed briefly with buffer 1 (0.1 M maleic acid, 0.15 M NaCl, pH 
7.5), incubated in 50 mL buffer 2 (1% blocking reagent, 0.1 M maleic acid 0.15 M 
NaCl, pH 7.5) at room temperature for 30 minutes and in anti-DIG-AP conjugate 
(Boehringer Mannheim) for 30 minutes at room temperature. After equilibrating the 
membranes with buffer 3 (100 mM Tris-HCl, 100 mM NaCl, 50 mM MgCl2, pH 8.0), 
the membranes were incubated with 10 mL freshly prepared color-substrate solution 
[10 mL buffer 3 200 jjJL NBT (nitro blue tetrazolium) / BCIP (bromo-4-chloro-3-
indolyl phosphate) stock solution] in the dark. When the desired bands were detected, 
the reaction was stopped by washing the membranes 5 minutes with 50 mL buffer 4 
(10 mM Tris-HCl, 1 mM EDTA, pH 8.0). The membranes were stored dry at room 
temperature or placed in plastic boxes containing buffer 4. 
4. AP-PCR (Arbitrary primed-PCR) 
A 15-mer oligonucleotide (TGAGCATAGACCTCA) reported by 
Nguyen and co-workers (1994) was used. An^plification reactions were carried out in a 
volume of 25 i^L containing PCR buffer (20 mM Tris-HCl, pH 8.4; 50 mM KC1); 200 
\xM each of dATP, dCTP, dGTP and dTTP; 1.0 \iM primer; 1 unit Taq DNA 
polymerase; and 2.5 mM MgCl2. About 40 pg of DNA (0.1 fiL of DNA preparation) 
was then added to the mixture. The reaction mixture was overlaid with 20 \xL liquid 
wax (Chill-out 14™, MJ Research, Inc., Massachusetts, USA). Amplification was 
performed in a Thermal Controller (PTC-100, MJ Research, Inc.) and the procedure 
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comprised of 94°C for 7 minutes, 45 cycles each of 94°C for 1 minute, 40°C for 1 
minute, 72°C for 2 minutes, followed by 72°C for 5 minutes. Air^lified products (8.3 
|iL) were separated and visualized as described in Section D.2.(l).b but using 0.8% 
agarose gels and GNA 100 horizontal gel apparatus (Pharmacia LKB) at 100 V for 2 
hours. 
F. Experimental design 
All strains of Enteritidis isolated from stools, blood, pus or body 
fluids of patients of the Prince of Wales Hospital from 1986 to 1995 which survived 
would be included in this study. 
1. Antimicrobial susceptibilities. The minimal inhibitory 
concentration (MIC) of 19 antimicrobial agents to S. Enteritidis was determined by an 
agar dilution method (BSAC, 1991). The antimicrobial agents tested included those 
which were used for the treatment of severe infections caused by S. Enteritidis and 
those which were iicqportant for experimental studies. 
2. Mechanisms of antibiotic resistance. Those strains that showed 
high-level resistance or were resistant to clinically-inqjortant antibiotics were chosen 
for study of resistance plasmids and the characterization of P-lactamases, These 
included localization of resistance plasmids, determination of their transferability and 
determination of the isoelectric points of (3-lactamases. 
3. Epidemiology of S. Enteritidis. These strains would be typed by 
plasmid profile analysis, plasmid fingerprinting, total DNA fingerprinting ribotyping 
and arbitary-primed PCK With this study we would be able to understand whether the 
surge of S. Enteritidis in this locality was due to a few related clones or to a variety of 
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different clones, as well as to develop a simple and rapid method for the routine 
investigation of the epidemiology of Enteritidis. 
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Chapter 3. RESULTS 
A. Prevalence of S. Enteritidis in the Prince of Wales Hospital 
Table HI-1 shows the prevalence of the three commonest 
Salmonella serotypes isolated from patients in the Prince ofWalse Hospital from 1986 
to 1995. Only three strains of & Enteritidis were isolated in 1986. The number started 
to increase from five in 1988 to 96 in 1995, representing a quarter of the total 
salmonellae isolated. From 1986 to 1991, S. Typhimurium and S. Derby were the 
commonest salmonellae while they were replaced by S. Enteritidis in 1994 and 1995. 
Table DI-2 shows the distribution of all S. Enteritidis isolated from 
different specimens from 1986 to 1995. Most of these strains (82%) were isolated 
from stool, 13% from blood cultures and the rest from other specimens such as urine, 
pus, and wounds. The distribution of the 252 isolates in this study from different 
specimens were similar in that 83% were from stool and 14% from blood cultures. 
Table HI-3 shows the sex distribution of patients from whom the 
strains in this study were isolated. There was a slight female predominance, the male to 
female ratio being 1:1.17. 
Figures H[-l and EI-2 show the age distribution and seasonal 
distribution oiS. Enteritidis isolates, respectively. Thirty-three percent of these isolates 
were isolated from patients younger than 10 years while 50% were from patients aged 














































































































































































































































































































































































































































































Table IH-2. Specimen distribution of S. Enteritidis in the Prince of 
Wales Hospital from 1986 to 1995 
Specimen No. (%) studied in this project No. (%) isolated in the PWH 
Stool 210(83) 260 (82) 
Blood culture 35 (14) 40 (13) 
Urine 3(1) 3(0.9) 
Pus 2 (0.8) 3 (0.9) 
Wound 2 (0.8) 3 (0.9) 
Total 252 (100) 316(100) 
Table ni-3. Sex distribution of patients with S. Enteritidis isolats 
Sex No. studied in this projct Male : female ratio 
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Figure III-2. Seasonal distribution of S. Enteritidis 
O z Q 
Month 
— 57 
B. Antimicrobial susceptibilities 
Table DI-4 shows the susceptibilities of 252 S. Enteritidis strains 
isolated from 1986 to 1995 in the Prince of Wales Hospital to 19 different 
antimicrobial agents. All were sensitive to the third generation cephalosporins: 
ceftazidime (Czm), cefotaxime (Ctx) and ceftriaxone (Ctr); the 4-quinolones: 
ciprofloxacin (Cip) and ofloxacin (Ofl); and chloramphenicol (C); but all were resistant 
to 1 mg/L rifanqjicin (Rif). One isolate was resistant to 8 mg/L anq)icillin (A) (MIC > 
512 mg/L) and 8 mg/L cephalothin (Cth) (MIC = 32 mg/L), while 106 (42%) were 
resistant to 4 mg/L cefiiroxime (Cxm). One to eleven isolates (0.4% - 4%) were 
resistant to the aminoglycosides tested with MIC range of 2 - 16 mg/L: one isolate 
each to 4 mg/L amikacin (Ak) and 4 mg/L kanamycin (K); two to three isolates to 8 
mg/L streptomycin (S), 1 mg/L gentamicin (G) and netilmicin (Net); and 11 isolates to 
1 mg/L tobramycin (Tb). Two isolates were resistant to 32 mg/L cotrimoxazole (Sxt) 
(MIC = 64 mg/L and > 128 mg/L). Although 98% of isolates were resistant to 1 mg/L 
tetracycline (T) only one isolate had high-level resistance (MIC = 128 mg/L). 
Strains isolated in different years were inhibited by antibiotics at 
similar concentrations and no significant difference in the MIC range, MIC50 or 
MIC90 was detected. 
. _ “ “ 58 -
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Table IH-4: Susceptibilities of 252 isolates of S. Enteritidis to 19 antimicrobial 
agents 
Antibiotics *Year mg/L Breakpoint No. of isolates 
resistant to 
MICso MIC90 MIC range (mg/L)* breakpoint(%) 
Ampicillin ^ 6 1 1 1 0 ~ 
‘87 1 2 1 - 2 0 
‘88 2 2 2 8 0 
‘89 1 1 0 .25-2 0 
‘90 1 2 0 . 5 - > 5 1 2 1 
‘91 1 2 0 . 5 - 2 0 
'92 1 2 0 . 5 - 2 0 
‘93 1 1 0 . 5 - 2 0 
4
 94 2 2 1 - 2 0 
‘95 2 2 0 .25-4 0 
Total 2 2 0 .25->512 1 (0.4%) 
Cephalothin 8^6 2 2 ~2 0 ~ 
‘87 2 4 2 - 4 0 
488 2 2 2 8 0 
'89 2 2 0 . 5 - 4 0 
'90 2 4 1 - 3 2 1 
‘91 2 4 1 - 8 0 
‘92 2 4 0 . 5 - 4 0 
‘93 2 4 2 - 4 0 
‘94 2 4 2 - 4 0 
‘95 2 4 2 - 4 0 
Total 2 4 0.5 - 32 1 (0.4%) 
Cefixroxime ‘86 4 4 4 0 
‘87 4 8 4 - 8 1 
'88 4 4 4 4 0 
‘89 4 8 0.06 - 8 3 
‘90 8 8 2 - 8 14 
'91 4 8 2 - 16 3 
‘92 4 8 0.06 - 16 7 
‘93 4 8 4 - 8 18 
4
 94 4 8 4 - 8 23 
‘95 8 8 4 - 8 37 
Total 4 S 0.06 - 16 106 (42.1%) 
Ceftazidime 8^6 0J2 0J2 0A2 0 
‘87 0.25 0.5 0.25 - 0.5 0 
‘88 0.25 0.25 0.25 2 0 
‘89 0.25 0.25 0.12-0.25 0 
‘90 0.25 0.25 0.12-0.5 0 
‘91 0.25 0.25 0.12-0.5 0 
‘92 0.25 0.25 0.12-0.25 0 
‘93 0.25 0.25 0.12-0.25 0 
‘94 0.25 0.25 0.12-0.25 0 
495 0.25 0.25 0.12-0.25 0 
Total 0.25 0.25 0.12-0.5 0 
(to be cont'd) 
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Table III-4: Susceptibilities of 252 isolates of S. Enteritidis to 19 antimicrobial 
agents (cont'd) 
Antibiotics *Year mg/L Breakpoint No. of isolates 
resistant to 
MICso MIC90 MIC range (mg/L)* breakpoint(%) 
Cefotaxime 4 86 0.06 0 0 6 0.06 ~ 0 ^ — — — — 
‘87 0.06 0.12 0.06-0.12 0 
‘88 0.12 0.12 0 . 0 6 - 0 . 1 2 1 0 
‘89 0.12 0.25 0.03-0.25 0 
<90 0.12 0.25 0.03-0.25 0 
‘91 0.06 0.25 0.03 - 0.25 0 
'92 0.06 0.12 0.03 - 0.25 0 
‘93 0.12 0.12 0.06 - 0.25 0 j 
'94 0.12 0.12 0.06 - 0.25 0 
‘95 0.12 0.12 0.03-0.12 0 
Total 0.12 0.12 0.03-0.25 0 
Ceftriaxone ""”^86 0 0 6 0 0 6 006 0 ~ — — " 
'87 0.06 0.12 0.06-0.12 0 
‘88 0.06 0.06 0.06 g0 0 
4
 89 0.06 0.06 0.03-0.12 0 
‘90 0.06 0.12 0.03-0.12 0 
'91 0.06 0.12 0.03-0.12 0 
‘92 0.06 0.06 0.03-0.12 0 
'93 0.06 0.06 0.03-0.12 0 
‘94 0.12 0.12 0.03-0.12 0 
‘95 0.06 0.12 0.06-0.12 0 
Total 0.06 0.12 0.03-0.12 0 
Gentamicin ^86 025 025 025 0 
‘87 0.25 0.5 0.25 -0.5 0 
‘88 0.25 0.25 0.25 1 0 
I ‘89 0.25 0.5 0.25 - 2 1 
‘90 0.25 1 0.25 - 2 2 
‘91 0.5 1 0.25 - 1 0 
‘92 0.5 1 0.25- 1 0 
‘93 0.25 0.5 0.12- 1 0 
‘94 0.25 0.5 0.25 - 0.5 0 
‘95 0.25 0.5 0.25 - 0.5 0 
Total 0.25 0.5 0 .12-2 3 (1.2%) 
Tobramycin "86 o l o 3 05 0 
‘87 1 2 0 . 5 - 2 1 
‘88 1 1 0 . 5 - 1 1 0 
j ‘89 1 2 0.5-4 2 
‘90 1 2 0 .5 -8 3 
‘91 1 1 0 . 5 - 2 1 
492 1 1 0 . 5 - 2 3 
‘93 1 1 0.25- 1 0 \ 
494 1 1 0.5-1 0 j 
‘95 1 1 0 . 5 - 2 1 
Total 1 [ j 0.25 - 8 11 (4.4%) 
(to be cont'd) 
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Table III-4: Susceptibilities of 252 isolates of S. Enteritidis to 19 antimicrobial 
agents (cont'd) 
Antibiotics *Year mg/L Breakpoint No. of isolates 
resistant to 
MICso MIC90 MIC range — (mg/L)* breakpoint(%) 
Netilmicin ^ 025 025 0.25 ~ 0 ] 
‘87 0.25 0.25 0.25 0 
‘88 0.25 0.25 0.25 1 0 
‘89 0.25 0.25 0 .25-2 1 
490 0,25 0.5 0.25 - 2 2 
‘91 0.25 0.5 0.25 - 0.5 0 
‘92 0.25 0.25 0.12-0.5 0 I 
‘93 0.25 0.25 0.12-0.5 0 
‘94 0.25 0.25 0.12-0.25 0 
‘95 0.25 0.25 0.12-0.5 0 
Total 0.25 0.25 0 .12-2 3 (1.2%) 
Amikacin '86 1 1 1 0 
‘87 2 2 1 - 2 0 
‘88 1 1 1 4 0 
‘89 1 2 1 - 4 0 
‘90 1 4 1 - 8 1 
‘91 1 2 0 . 5 - 4 0 
‘92 1 2 0.5 - 2 0 
‘93 1 2 0.25 - 2 0 
‘94 1 1 0 .5 -2 0 
j 495 1 2 1-2 0 
Total 1 2 0.25 - 8 1 (0.4%) 
Streptomycin ‘86 2 2 2 0 
‘87 2 2 2 0 
‘88 2 2 2 g® 0 
‘89 2 4 1 - 8 0 
‘90 2 4 2 - 8 0 j 
'91 2 4 1 - 8 0 
492 2 4 2 - 16 2 
‘93 2 4 1 - 4 0 
‘94 2 2 2 - 4 0 
‘95 2 2 2 - 8 0 
Total 2 4 1 - 16 2 (0.8%) 
Kanamycin '86 1 1 1 0 
‘87 2 2 1 - 2 0 
‘88 1 2 1 - 2 4® 0 j 
‘89 1 1 1 - 4 0 ! 
‘90 1 2 1 - 8 1 
‘91 1 2 1 - 4 0 
‘92 1 2 1 - 2 0 
‘93 1 2 0 .5 -4 0 
i ‘94 1 1 1-2 0 
‘95 1 2 1 - 2 0 
. Total 1 \_2 0.5 - 8 1 (0.4%) 
(to be cont'd) 
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Table m-4: Susceptibilities of 252 isolates of S. Enteritidis to 19 antimicrobial 
agents (cont'd) 
Antibiotics *Year mg/L Breakpoint No. of isolates 
resistant to 
MICso MIC90 MIC range (mg/L)* breakpoint(%) 
Nalidixic acid ^ 6 4 4 4 — — - ] 
j ‘87 4 4 4 3 
‘88 4 8 4 - 8 ® 4 
‘89 4 4 0.25 - 4 8 j 
‘90 4 4 2 - 8 27 
‘91 4 8 2 - 8 17 
‘92 4 4 1 - 8 29 
‘93 4 4 2 - > 1 2 8 40 
494 4 4 4 - 8 48 
‘95 4 4 4 - 16 72 
Total 4 4 0.25 - > 128 249 (98.8%) 
Ciprofloxacin r I i 0.015 0.015 0.015 ^ ^ 
‘87 0.015 0.015 0.015 0 
‘88 0.015 0.03 0.015 - 0.03 1 0 
‘89 0.015 0.015 0.0075 - 0.03 0 
‘90 0.015 0.03 0.015 - 0.03 0 
‘91 0.03 0.06 0.015 - 0.06 0 
‘92 0.03 0.06 0.0075 - 0.06 0 j 
! ‘93 0.015 0.03 0.015 - 0.25 0 
‘94 0.015 0.015 0.015 - 0.03 0 
4
 95 0.015 0.03 0.015-0.12 0 | 
Total 0.015 0.03 0.0075 - 0.25 0 
r Ofloxacin ^86 0 0 6 0 0 6 006 o " 
‘87 0.12 0.12 0.12 0 
‘88 0.12 0.12 0.12 2 0 
‘89 0.12 0.12 0.015 - 0.12 0 ! 
i ‘90 0.12 0.12 0.12 0 
‘91 0.12 0.25 0.06 - 0.25 0 
‘92 0.12 0.25 0.015 - 0.25 0 
'93 0.12 0.12 0.12- 1 0 
'94 0.12 0.12 0.06-0.12 0 | 
‘95 0.12 0.12 0.06 - 0.5 0 
Total 0.12 0 1 2 0.015 - 1 0 
Chloramphenicol ‘86 4 4 4 0 
‘87 4 8 4 - 8 0 
‘88 8 8 4 - 8 8 0 | 
‘89 8 8 1 - 8 0 
'90 8 8 4 - 8 0 
c9l 8 8 2 - 8 0 
j '92 8 8 1 - 8 0 
'93 8 8 4 - 8 0 
‘94 4 4 2 - 8 0 
'95 4 8 4 - 8 0 
Total 4 [_8 1 - 8 0 
(to be cont'd) 
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Table IH-4: Susceptibility of 252 isolates of S. Enteritidis to 19 antimicrobial 
agents (cont'd) 
Antibiotics *Year mg/L Breakpoint No. of isolates 
resistant to 
MICso MIC90 MIC range (mg/L)* breakpoint(%) 
Cotrimoxazole ‘86 0.5 0.5 0.5 0 
‘87 0.5 0.5 0.5 0 
‘88 1 1 1 32® 0 
'‘89 1 2 0.25 - 2 0 
‘90 2 2 0.12- 1 0 
‘91 1 64 0 .12-> 128 2 
‘92 1 1 0.25 - 2 0 
‘93 2 2 0 . 5 - 2 0 
‘94 1 1 0 .5 -1 0 
‘95 1 1 0 . 5 - 2 0 
Total 1 2 0 .12-> 128 2 (0.8%) 
Tetracycline ‘86 2 2 2 1 
‘87 2 2 2 3 
'88 4 4 4 1 4 
‘89 2 4 0 . 5 - 4 8 
'90 4 4 2 - 4 27 
‘91 2 4 1 - 128 16 
492 2 2 1 - 4 28 
‘93 4 4 2 - 4 40 
‘94 2 2 2 - 4 48 
‘95 4 4 2 - 4 72 
Total 4 4 0.5 - 128 247 (98.0%) 
Rifampicin ^ 8 S 8 1 
‘87 8 8 8 3 
‘88 8 16 8 - 16 1 4 
‘89 8 8 4 - 8 10 
‘90 8 8 4 - 16 27 
‘91 8 8 4 - 16 17 
‘92 S 8 4 - 16 30 
‘93 8 16 8 - 16 40 
‘94 8 8 4 - 8 48 
‘95 8 S 8 - 1 6 72 
Total 8 8 4 - 16 252 (100.0%) 
* Number of strains tested in years: 1986: 1; 1987: 3; 1988: 4; 1989: 10; 1990: 27; 
1991: 17; 1992: 30; 1993: 40; 1994: 48; 1995: 72. 
# Breakpoint values are those recommended by the BSAC (1991) except for those 
marked with 
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- » — — — 
Table IE-5 shows the antimicrobial resistance patterns of the S. 
Enteritidis strains. All were resistant to at least one antibiotic. More than half of the 
isolates (53%) were resistant to three antibiotics, 41% were resistant to four 
antibiotics, while the rest were resistant to five to nine antibiotics. The most common 
resistance pattern was TNxRif (53%), while pattern CxmTNxRif was found in 39% 
isolates. Other patterns were found in one to four isolates. 
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Table HI-5. Resistance patterns of Enteritidis 
No. of Resistance Patterns* Strains 
resistance No. % 
_l Rif 2 0.8 
2 ‘ Nx Rif 2 0.8 
T Rif 1 0.4 
Total 3 1.2 
3 T Nx Rif 133 52.7 
Cxm Nx Rif 1 0.4 
Total 134 53.1 
4 Cxm T Nx Rif 98 38.9 
Tb T Nx Rif 4 1.6 
T Nx Rif Sxt 2 0.8 
Total 104 41.3 
5 Cxm Tb T Nx Rif 3 1.2 
Cxm S T Nx Rif 2 0.8 
Total 5 2.0 
6 Net Tb G T Nx Rif 1 0.4 
A Cth Tb T Nx Rif 1 0.4 
Total 2 0.8 
_7 C>m Net Tb G T Nx Rif 1 0.4 
J Cxm Ak K Net Tb G T Nx Rif 1 0.4 
Total 252 100.0 
* A = anqjicillin Cth = cephalothin, Cxm = cefiiroxime, T = tetracycline, Ak 
amikacin, Net = netilmicin, Tb = tobramycin, K = kanamycin, G gentamicin, Nx = 
nalidixic acid, Rif = rifampicin, S = streptomycin, Sxt = cotrimoxazole. 
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C. |3-lactamases produced by f3-lactam-resistant S. Enteritidis 
Only one A- and Cth-resistant isolate (MIC of A > 512 mg/L, MIC 
of Cth = 32 mg/L) produced a P-lactamase of pi 5.2 while the other 106 P-lactam-
resistant isolates (all were Cxm-resistant (MIC = 8 - 16mg/L)) did not produce any 
detectable (3-lactamase. 
D. Plasmid profile analysis 
All except nine isolates (4%) harboured one to five plasmids 
ranging in size from 1.7 to 105 kb in a total of 19 profiles. The profiles are named PP1 
to PP19, PP representing plasmid profile (Table IE-6) (Figure 1H-3). Most isolates 
(82%) harboured only one plasmid, and of these, 97% harboured a 60 kb plasmid. 
Nineteen isolates (8%) harboured two plasmids, while two to eight isolates harboured 
three or more plasmids. Except for plasmids of 60 kb that were found in 92% of 
isolates, the other plasmids were not commonly found and they were not in any profile 
that was predominant amongst the isolates. 
- 66 
Table III-6. Plasmid profile analysis of Enteritidis 
No. of Plasmid Profile Plasmid size No. of isolates 
plasmid (Kb) (%) 
0 -
 : 9 (3.6%) 
1 PP1 60 201 (79.8%) — —1 
PP2 78 6 (2.4%) 
, Total 207 (82.1%) 
2 PP3 60,3.8 4(1.6%) 
PP4 60, 1.7 3 (1.2%) 
PP5 98 60 2 (0.8%) 
PP6 96 60 2 (0.8%) 
PP7 60,2.7 2 (0.8%) 
PP8 105,60 1 (0.4%) 
PP9 94,2.1 1 (0.4%) 
PP10 60,5.2 1 (0.4%) 
PP11 60,3.1 1 (0.4%) 
PP12 60 2.5 1 (0.4%) 
PP13 2.3 1.7 1 (0.4%) 
Total 19 (7.5%) 
3 PP14 78 4.8 3.0 1 (0.4%) 
PP15 60, 3.5, 2.5 1 (0.4%) 
Total 2 (0.8%) 
—4 PP16 60, 4.8 3.3 3.0 6 ( 2 . 4 % ) — — 
PP17 60, 5.6, 4.2, 3.3 2 (0.8%) 
Total 8 (3.2%) 
5 PP18 60,5.8,4.6,3.7 1.7 4(1.6%) 
PP19 60 4.4 2.8 2.3, 1.7 3 (1.2%) 
Total 7 (2.8%) 
Total 19 patterns 252 (100.0%) 
- : 67 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 
Figure ni-3. Plasmid profiles of Enteritidis. 
Lanes 1-9: PP1-PP9; lanes 14-17: PP10-PP13; lane 18: PP16; lane 19: PP19; lane 20: PP17; 
lane 21: PP14; lane 22; PP18; lane 23: PP15. Molecular size markers are contained in: lanes 
10 & 24: 40R268 (98 Kb), 40R646 (58 Kb); lanes 11 & 25: 28R823 (221 Kb); lanes 12 & 
26: 40R448 (119 Kb), RT641 (91 Kb), 48R626 (62 Kb); lanes 13 & 27: supercoiled DNA 
ladder (Gibco BRL). 
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E. Characterization of resistance plasmids 
Nine isolates that were resistant to three or more antibiotics except 
nalidixic acid and rifanqjicin or with high level resistance were selected for 
characterization of the resistances (Table III-7), One isolate which was resistant to T 
(MIC = 128 mg/L), Sxt (MIC > 128 mg/L), Nx (MIC = 4 mg/L) and Rif (MIC = 8 
mg/1) could transfer its SxtT-resistance to E. coli recipient (14R525) at frequencies of 
1.3 x 10"6 at 28°C and 2.5 x 10"6 at 37°C. This isolate harboured two plasmids of 105 
Kb and 60 Kb (Figure III-4). The SxtT-resistance was borne on the 105 Kb plasmid 
while the 60 Kb plasmid was not transferable. Another isolate which was resistant to A 
(MIC > 512 mg/L), Cth (MIC = 32 mg/L), T (MIC 2 mg/L), Tb (MIC = 2 mg/L), 
Nx (MIC = 4 mg/L) and Rif (MIC = 8 mg/L) could have its ACth-resistance mobilized 
by the A factor at a frequency of 2.6 x 10'5. This resistance was encoded on a 5.2 Kb 
plasmid (Figure ni-4). Another plasmid (60 Kb) present in this isolate was not 
transferable or mobilizable. The other isolates which had one to three plasmids could 
not transfer or mobilize their resistances. 
























































































































































































































































































































































































































































































































1 2 3 4 5 6 7 8 
• 
Figure IH-4. Plasmid profiles of multiply-resistant S. Enteritidis and their transconjugants. 
Lane 1: isolate 47; lane 2: transconjugant of isolate 47. Lane 7: isolate 18; lane 8: 
transconjugant of isolate 18. The transfer factor A (RT641) is indicated by an arrow. 
Molecular size markers are contained in: lane 3: 40R268 (98 Kb), 40R646 (58 Kb); lane 4: 
28R823 (221 Kb); lane 5: 40R448 (119 Kb), RT641 (91 Kb), 48R626 (62 Kb); lane 6: 
supercoiled DNA ladder (Gibco BRL). 
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F. Plasmid fingerprinting 
Plasmids of the same size from different isolates were digested with 
restriction endonuclease EcoEU or EcoKV. Table ni-8 shows the size of restriction 
fragments of 60 Kb and 78 Kb plasmids after digestion with these enzymes. Eacli 
restriction pattern was given a number following the letters PI (P stands for plasmid 
t 
and I for EcoRI restriction) or PV (V stands for EcoKV restriction). The 60 Kb 
plasmid produced nine restriction patterns after digestion with EcoBJ (PI1 - PI9) 
(Figure DI-5) or EcoKV (PV1 - PV9) (Figure HI-6). These patterns were very similar 
since they had seven or more common fragments. Plasmids of one PI pattern were also 
of the same PV pattern. The 60 Kb plasmid in 220 strains which were isolated from 
1987 to 1995 was identical (PI1/PV1), while the plasmid in the remaining 14 strains 
belonged to eight patterns. The 78 Kb plasmid present in seven isolates produced three 
quite different patterns after digestion with EcoRI (PI 10 - PI 12) (Figure IQ-5) or 
EcoKV (PV10 - PV12) (Figure IE-6). The 78 Kb plasmid ofPIlO/PVIO was found in 
four strains while that of the other two patterns PI11/PV11 and PI12/PV12 were 








































































































































































































































































































































































































































































































































































































































































































































































































































1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
BRBini 
• 
Figure ni-5: EcoRl restriction patterns of S. Enteritidis plasmids. 
Lane 2-10: patterns PI1 - PI9 of the 60 Kb plasmid; lane 12-14: patterns PI10 - PI12 of 
the 78 Kb plasmid. HindUl digest of A, DNA as molecular size marker is contained in lanes 
1, 11 and 15. 
- - ‘ - 74 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Figure IQ-6: EcoKV restriction patterns of Enteritidis plasmids. 
Lanes 2-10: patterns PV1 - PV9 of the 60 Kb plasmid; lanes 12-14: patterns PV10 - PV12 
of the 78 Kb plasmid. HindUl digest of A, DNA as molecular size marker is contained in 
lanes 1 11 and 15. 
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G. Total DNA fingerprinting 
DNA fingerprints of each isolate were obtained by digesting total 
DNA with restriction endonucleases: EcoBN and Mlu\. Since there were too many 
restriction fragments, only DNA fragments larger than 12.8 Kb and 20.7 Kb obtained 
after EcoKV and MM restriction, respectively, were used for analysis. Each DNA / 
restriction pattern was assigned a number following the letters DV (D stands for DNA 
and V for EcoKV restriction) or DM (M stands for Mlul restriction). 
All isolates could be typed into three (DV1 - DV3) and eight types 
(DM1 - DM8) using EcoKV and Mlul restriction, respectively (Tables H[-9 and HI-
10). Six to eight EcoKV restriction fragments which ranged from 12.8 Kb to 17.5 Kb 
were used for analysis (Figure IQ-7). DV1 was the predominant pattern, to which 93% 
of isolates belonged. It differed from DV2 by an extra band (15.8 Kb) (Table m 9) 
Four to six Mlul restriction fragments which ranged from 20.7 Kb to 51.4 Kb were 
used for analysis (Figure HI-8). Ninety-two percent of isolates were of DM1 pattern. 
DM2 and DM3 differed from DM1 by only one fragment and were exhibited by 3% 
and 2% of isolates, respectively. The other patterns, DM4 - DM8 were less similar 
and were exhibited by one to four isolates each (Table ED-10). 
Combination of MM and EcoKV restriction patterns showed that 
most isolates (87%) belonged to pattern DV1/DM1, 5% to DV2/DM1, 3% to 
DV1/DM2 and 2% to DV1/DM3 (Table IE-11). One to four isolates belonged to five 
other patterns (DV1/DM5, DV1/DM6, DV1/DM7, DV2/DM8 and DV3/DM4). 
— - - 76 
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1 2 3 4 5 6 7 
H i l l 
Figure m-7: EcoKV restriction patterns of total DNA of ^ Enteritidis. 
Lanes 2 - 4: pattern DV1; lanes 5 - 6: patterns DV2 - DV3. High molecular 
weight DNA markers (49 Kb, 38 Kb, 34 Kb, 30 Kb, 25 Kb, 23 Kb, 19 Kb, 
17 Kb, 15 Kb, 12 Kb) are used as size markers in lanes 1 and 7, 
78 _ 
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1 2 3 4 5 6 7 8 9 10 11 
.-.^v^. ^^ B ^H ^Hf ..jiff" 
Figure DI-8: Mlul restriction patterns of total DNA of S. Enteritidis. 
Lane 2 - lane 9: patterns DM1 - DM8. lane 11: Hin digest of X DNA (the first band). 
High molecular weight DNA markers (49 Kb, 38 Kb, 34 Kb, 30 Kb, 25 Kb, 23 Kb, 19 Kb, 17 







































































































































































































































































































Total DNA of S. Enteritidis was digested with the enzyme PvuIL 
and fragments were hybridized with a DIG-labelled cDNA probe obtained by reverse 
transcription of 16S + 23S E. coli rRNA. Each ribotype was given a number following 
the letter K A total of 15 patterns could be observed amongst the 252 S. Enteritidis 
isolates (Table IE-12) (Figure EI-9). These patterns were similar and differed by only 
one to three bands. The number oiPvuYL restriction fragments which contained rRNA 
genes was 13 to 15, and the size ranged from 1.8 Kb to 14.0 Kb. Ninety-two percent 
of strains were of pattern Rl and these strains were isolated from 1987 to 1995. One 
to four strains each were of the other patterns. 































































































































































































































































































































































































































































































































































































































1 2 3 4 5 6 7 8 9 10 11 12 13 14 1516 17 18 19 
• fp | i H i i f i 6 0 r? _ 
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mgt '^ H^  ^^m By 
Figure III-9. PvuTL ribotypes of S. Enteritidis. 
Lanes 3-17: patterns R1-R15. Digoxigenin-labelled DNA molecular weight marker m (21 
Kb, 5.2 Kb, 5.0 Kb, 4.3 Kb, 3.5 Kb, 2.0 Kb, 1.9 Kb, 1.6 Kb) is used as a size marker in 
lanes 1 and 18; digoxigenin-labelled DNA molecular weight marker VII (8.0 Kb, 7.1 Kb, 
6.0 Kb, 4.8 Kb, 3.5 Kb, 2.7 Kb, 1.9 Kb, 1.8 Kb, 1.5 Kb) is used as another size marker in 
lanes 2 and 19. 
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I. AP-PCR 
AP-PCR typing of the 252 S. Enteritidis isolates showed six quite 
distinct patterns each with two to 11 fragments ranging from 0.5 Kb to 4.0 Kb (Table 
EI-13) (Figure 111-10). Each pattern was given a number following the letters PCK 
Ninety-five percent of isolates were of pattern PCR1 while one to five isolates each 
were of the other patterns. 
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1 2 3 4 5 6 7 8 
• 
Figure EI-10: PCR profiles obtained after anq)lification of S. Enteritidis DNA 
using a random primer (TGAGCATAGACCTCA). 
Lanes 2 - 7: patterns PCR1 - PCR6. HaeJH digest of(|)xl74 RF DNA is used as a 
molecular size marker in lane 1; HindUI digest of X DNA is used as another 
molecular size marker in lane 8. 
- - - “ 87 
— \ — _ 
J. Correlation of plasmid analysis, total DNA fingerprinting, 
ribotyping and AP-PCR results 
Table EI-14 shows pattern combination of plasmid profiles, plasmid 
and total fingerprints, ribotypes and AP-PCR types. All isolates could be divided into 
27 groups (represented by arabic numbers 1 - 27). Those isolates with the same DNA 
fingerprints, ribotypes and PCR types i.e., of the same group, could be subdivided 
according to their different plasmid profiles and plasmid fingerprints. These subgroups 
were designated by a small letter following their group number. Thus group 1 could be 
subdivided into 10 subgroups (a - j), and both groups 2 and 3 could each be subdivided 
into two subgroups 2a 2b and 3a, 3b respectively. 
Most of the isolates belonged to group lb (70%) and these isolates 
were isolated throughout the years 1987 - 1995 (Table HI-14). Isolates of the other 
subgroups of group 1 (9%) and those of subgroups of groups 2 and 3 (8%) differed 
only in plasmid content. Isolates of groups 9 - 1 8 and 19 - 21 had the same DNA 
fingerprint (DV1/DM1) and PCR type (PCR1 and PCR2, respectively) and differed 
mainly in ribotypes. Those of groups 22 - 24 and 25 - 27 had the same plasmid 
fingerprint (PI1/PV1 and PI10/PV10, respectively), DNA fingerprint (DV1/DM1 or 
DV2/DM1 and DV3/DM4, respectively) and ribotype (R1 and R2, respectively) but 
different PCR types. Isolates of groups 4 - 8 only had PCR type in common (PCR1). 
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Chapter 4. Discussion 
A. Prevalence ofS. Enteritidis 
The incidence of S. Enteritidis infections has increased substantially 
in many parts of the world since 1980s. We also noticed an increase in the isolation of 
S. Enteritidis at the Prince of Wales Hospital (Table I3I-1). In 1986, only three strains, 
constituting 2% of the total salmonellae isolations, were isolated, whilst in 1995, 96 
strains, constituting 25%, were isolated. This represents a 13-fold increase. S. 
Enteritidis also became the most common Salmonella serotype isolated in 1994 and 
1995. In another large general hospital, Queen Mary Hospital, it was also shown that 
there was a significant increase in the isolation of S. Enteritidis from 1982 to 1993 
(Wong et al., 1994). Data from outpatient clinics all over Hong Kong also showed an 
increase in the incidence of S. Enteritidis (Kam, personal communication). 
Epidemiological investigations of Enteritidis outbreaks had traced 
the source mainly to hens' eggs or food containing eggs (Binkin et al, 1993; Brugha et 
al., 1995). Other foods had also been implicated as the source, such as custard, fresh 
cream cakes and beef rissoles (Evans et al., 1996a, b). In these cases, eggs were eaten 
either raw or undercooked or raw eggs were used for preparation of food which was 
then left at room teraperature for several hours before consurcqption. 
Since Hong Kong imported most of its chicken and eggs from 
abroad, chiefly China and North America, we would expect that the trend of 
Salmonella isolation in this locality resembled that in other parts of the world. 
However, this can only be confirmed by isolating S. Enteritidis from imported chicken 
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and eggs and then, comparing these with human isolates as well as with strains reported 
in other countries. 
Although only 252 strains of which survived were investigated, 
these represent 80% of all ^  Enteritidis strains isolated in this hospital during the study 
period. Besides, the distribution of these strains from different specimens were similar 
to that of all S. Enteritidis isolated in the hospital (Table III-2). Therefore, the strains 
studied is a representative collection. 
Conqpared to other gastroenteric salmonellae, S. Enteritidis was 
probably more invasive because 17% were isolated from specimens other than stool 
such as blood while the corresponding figure for S. Typhimurium was 3% (data not 
shown). This study also showed that S. Enteritidis affected mainly adult population 
(50% were aged between 10 and 50 years). This is also in contrast with S. 
Typhimurium which affected mainly young children (84% of the patients were less than 
10 years). Thus there was a shift of the infection to older patients and to more serious 
and invasive outcome. However, as with other gastroenteric salmonellae, S. Enteritidis 
was usually isolated during the hotter months of the year. 
B. Susceptibilities of S. Enteritidis to antimicrobial agents 
Our strains were relatively sensitive to most of the antibiotics tested 
except rifampicin, nalidixic acid and tetracycline. All were sensitive to 
chloranqjhenicol, the third generation cephalosporins and the fluoroquinolones while 
more than 90% were sensitive to anqjicillin, cephalothin, aminoglycosides and 
cotrimoxazole. There seemed to be no increase in the proportion of resistant strains as 
it was similar in different years. Studies from other countries such as Spain, the U.S. 
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and the United Kingdom also showed that most strains were sensitive to a wide range 
of antimicrobial agents (Rainpling et al 1989; Parker & Duerden, 1990; Ward, 
Threlfall & Rowe, 1990; Rodrigue et aL, 1992; Threlfall, Rowe & Ward, 1993; Nair et 
al., 1995). 
However, there was a recent increase in the level of drug resistance 
especially to older agents in other parts of the world. Tetracycline resistance was 
reported in Japan and this resistance was encoded by a 9.0 Kb plasmid (Honda & 
Taniguchi, 1994). Frost and colleagues (1989) also found that there was an increase in 
resistance to tetracycline in England and Wales and this was due to the presence of a 
25 Md plasmid. Although 98% of our isolates were resistant to 1 mg/L tetracycline, 
only 0.4% was resistant to > 4 mg/L. There was only one isolate with a tetracycline 
MIC of 128 mg/L and the resistance was borne on a 105 Kb plasmid, while low-level 
resistance in other isolates was not plasmid-mediated. 
The number of anqjicillin-resistant S. Enteritidis isolates had 
increased in England and Wales from 1988 (Ward, Threlfall & Rowe, 1990), in Spain 
from 1990 (Alos et al., 1990) and in Greece from 1991 (Vatopoulos et aL, 1994). The 
resistance was due to a TEM-type P-lactamase encoded by genes mostly on a 34 Md, 
60 Md or 100 Md plasmid (Frost, Ward & Rowe, 1989; Vatopoulos et al., 1994). Our 
only ampicillin-resistant isolate which was also resistant to cephalothin, also produced 
a P-lactamase of pi 5.2 and this resistance was encoded on a 5.2 Kb plasmid. Five P-
lactamases with pi 5.2 have been reported. These are HMS-1 (Matthew, Hedges & 
Smith, 1979); TEM-30 (Vedel et aL, 1992), TEM-31 (Vedel et aL, 1992); TEM-35 
(Zhou et al., 1994) and TEM-36 (Zhou et al., 1994). Thus, further work such as 
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detennination of the substrate profile, inhibition profile and molecular mass has to be 
performed to determine the identity of this |3-lactamase. 
Cefuroxime-resistance was rarely reported in Salmonella spp, but 
we found a relatively high percentage of cefiiroxime-resistaiit isolates (MIC > 4 mg/L). 
Most of these isolates (42%) had low-level resistance (MIC = 8 mg/L) and no 
/ 
lactamase was detected. Although definition of resistance depends on the breakpoint 
concentration, S. Enteritidis strains which could only be inhibited by 8 mg/L 
cefiiroxime has rarely been reported in the literature and is unique to this locality. 
Multiply-resistant S. Enteritidis first appeared between October 
1980 and August 1982 in Liberia, West Africa (Hadfield, Monson & Wachsmuth, 
1985). Subsequently multiply-resistant S. Enteritidis strains were reported in the 
Central African Republic and in England (Georges-Courbot et al., 1990; Ward, 
Threlfall & Rowe, 1990). These strains were resistant to three to six antibiotics (Ward, 
Threlfall & Rowe, 1990). All except two of our isolates were resistant to more than 
one antibiotic. Fifty-three percent were resistant to TNxRif while 39% were resistant 
to CxmTNxRif. However, plasmid-mediated resistance was demonstrated in only two 
isolates. Resistance in other isolates were usually low-level and were probably coded 
for by genes on the chromosome. 
C. Evaluation of methods for epidemiological typing of S. 
Enteritidis 
Several methods have been used for the epidemiological 
investigation of S. Enteritidis. These include phage typing, plasmid profile analysis, 
plasmid fingerprinting, IS200 typing, ribotyping, pulsed-field gel electrophoresis of 
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restricted chromosomal DNA fragments, hybridization with random cloned 
chromosomal DNA probes and arbitrary primed PCR analysis. 
Phage typing of S. Enteritidis was developed in 1987 by Ward and 
co-workers (Ward, Rowe & de Sa, 1987) and have since been used to study the 
epidemiology of this organisnL Although it was found to be a rapid and useful method 
t 
for this purpose, it has to be supplemented by other methods for fiirther subdivision of 
strains within predominant phage types (Threlfall, Rowe & Ward 1989). Besides, a 
particular phage type could be converted to another type by different mecliaiiisms 
(Rankin & Piatt, 1995). We therefore did not atterrqjt to phage type our strains but use 
other methods to investigate their epidemiology. 
The usefulness of plasmid typing in epidemiological investigation 
has not been confirmed. Some workers claimed that it was not as sensitive as phage 
typing for primary discrimination of S. Enteritidis (Threlfall, Rowe & Ward, 1989; 
Morris Jr et aL, 1992; Liebisch & Schwarz, 1996) while others found that it was 
useful (Rodrigue et al., 1992; Threlfall et aL, 1994; Vatopoulos et aL, 1994). 
However, it has been proved useful in demonstrating the source of human S. 
Enteritidis infections. Dorn and coworkers (1993) showed that isolates from different 
outbreaks and from internal organs of laying hens of associated outbreaks all had the 
same plasmid profile (a 56 Kb plasmid) as well as the same fingerprint after digestion 
with Avail and Smal. They therefore concluded that man acquired the infection by 
consuming eggs or foods containing eggs of infected hens. 
Since most S. Enteritidis isolates harboured plasmids as shown by 
this and other studies (Threlfall et al., 1994; Vatopoulos et aL, 1994), plasmid profile 
analysis and plasmid fingerprinting can be used as a rapid and single method to type 
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this organism. But results have to be analysed with caution as plasmids can be gained 
or lost by bacterial organisms, so that isolates with different plasmid profiles may be 
the same while different isolates may acquire the same plasmid endemic within the 
bacterial population. Other typing methods therefore have to be used to supplement 
results of plasmid studies. 
One of the advantages of total DNA fingerprinting is that it can be 
applied to the differentiation of strains which do not carry plasmids. Pulsed-field gel 
electrophoresis (PFGE) of cleaved DNA fragments obtained after restriction enzyme 
digestion of genomic DNA was claimed to be the most discriminatory method amongst 
IS200 typing and ribotyping for S. Enteritidis (Olsen et al., 1994). However, an 
entirely different set of equipment which is expensive is required and preparation of 
DNA for digestion is quite different. Thus PFGE may not be affordable in terms of 
cost and labour in small laboratories. As one of our aims was to develop a relatively 
cheap method for epidemiological investigation in a busy routine laboratory, we did 
not choose PFGE. Instead, we separated cleaved fragments on a simple horizontal gel 
equipment using a low concentration of agarose and special electrophorectic 
conditions. Suitable restriction endonucleases were chosen so that restricted fragments 
were well separated and numerous enough to be discriminatory amongst different 
strains. We found that good separation of bands > 12 Kb and > 20 Kb could be 
obtained for EcoRV-digested and A/M-digested fragments, respectively. Mlul could 
better discriminate S. Enteritidis isolates since nine different patterns resulted, while 
EcoKV could only differentiate strains into three types and thus probably not 
discriminatory enough. Besides choosing the most suitable restriction endonuclease, 
electrophorectic parameters have to be adjusted to give the best results. This study is 
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the first to successfully use ordinary agarose gel electrophoresis with modifications of 
electrophorectic parameters for subdividing S. Enteritidis isolates. This method is 
reproducible, simple and cost-effective and can be performed in a reference laboratory 
for investigation of outbreaks, and it can also be used in routine laboratories if urgent 
need arises for the investigation of small outbreaks. However it has the disadvantage of 
examining only a limited portion of the bacterial genome and the number of bands may 
not be numerous enough for discrimination between two closely related strains. 
In view of this disadvantage of DNA fingerprinting in differentiating 
strains, we also used ribotyping to characterize our S. Enteritidis isolates. The use of 
ribosomal nucleic acid probes to detect the presence of rRNA genes in the 
chromosome, i.e. ribotyping, has been used to discriminate strains at the subspecies 
level of different organisms (Grimont & Grimont, 1986). Ribotyping has also been 
used for typing S. Enteritidis, however, results have been conflicting. Whilst some 
studies suggested that ribotyping using AccI, Smal, Sphl and PstI was useful and 
reproducible for discriminating S. Enteritidis isolates (Martinetti & Altwegg, 1990; 
Usera, et al., 1994; Vatopoulos et al., 1994; Landeras et al., 1996), other workers 
showed that ribotyping using Smal, Sphl or PvuH were of limited value (Gruner et al., 
1994; Thong et al.’ 1995; Liebisch & Schwarz, 1996). 
Restriction enzymes PvuH, AccI, Smal, Sphl, Pstl’ HindlJl, and 
EcoRI have been tested in this study for ribotyping (results not shown) and it was 
found that PvuH gave the most bands as well as providing discriminating and 
reproducible results. Our isolates could be differentiated into 15 PvuH ribotypes. 
Isolates with the same plasmid fingerprint (PI1/PV1) and DNA fingerprint 
(DV1/DM1) could be further subdivided into 10 different ribotypes (Rl, R3 - R5, R7 » 
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R l l R14). Since ribotyping detects the number of copies and size of fragments 
carrying rRNA genes within the whole chromosome, it does not have the disadvantage 
of instability as with plasmids or that of partial analysis of the chromosome as for DNA 
fingerprinting. By using DIG instead of radioisotopes to label the probe, the problem 
of radiohazard is eliminated. However, the main disadvantages are that the method is 
tedious, involving several steps, and is not rapid, requiring at least four days. Thus it is 
a usefol research tool for a reference laboratory to supplement the results of other 
methods. 
The application of PCR-based techniques has emerged as a highly 
sensitive and specific method for identifying pathogens. The PCR-based RAPD 
(random an^Med polymorphic DNA) or AP-PCR (arbitrary primed-PCR) technique is 
a particularly powerful method for typing organisms (Lin et al., 1996). This approach 
has been applied to detect genomic diversity among plants (Rafalski & Tingey 1993; 
Wolff & Peters-Van Rijn, 1993), animals (Rothuizen & Wolferen, 1994), parasites 
(Murphy & Pellec, 1994), and microbial organisms such as Helicobacter pylori 
(Akopyanz et al., 1992), Mycobacterium malmoense (Kauppinen, Mantyjarvi & 
Katila, 1994), Yersinia pseudotuberculosis (Makino et al., 1994), Listeria (Mazuiier 
& Wemars 1992) and Neisseria meningitidis (Woods et al., 1994). Recently it has 
also been used to study the epidemiology of S. Enteritidis (Fadl, Nguyen & Khan, 
1995; Lin e/a/., 1996). 
Unlike the traditional PCR analysis, RAPD does not require any 
specific knowledge of the DNA sequences of the target organisiiL However, different 
primers have to be tested and conditions of PCR have to be optimized for each 
organism studied (Ellsworth, Rittenhouse & Hojieycutt, 1993). A suitable primer 
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should have a G + C content great than 40% (Williams et al., 1990). The 
discriminatory power of tliis method can also be increased by using two primers 
instead of one (Welsh & McCelland 1991; Micheli et aL, 1993). In this study, a single 
15-mer primer (TGAGCATAGACCTCA) was used, the G + C content being 47% 
which is optimal. Although RAPD analysis is a single and rapid technique, providing 
results within a day, several problems have to be solved before it can be routinely used 
for epidemiological investigation of a particular bacterial species. Many primers have 
to be tried before the most suitable one can be selected. Optimization of PCR 
conditions can also be a long and trying process. However, the most important 
problem is reproducibility. RAPD patterns from duplicate runs of the tested organisms 
liave to be compared to confirm the reproducibility of the results (Lin et al., 1996). 
This has also been done in this study. 
Results of this study showed that we could not rely on just one 
method to discriminate S. Enteritidis strains. Isolates with the same DNA fingerprints 
and PCR types, groups 9 - 21, can have different ribotypes (Table HI-14) while those 
with the same DNA fingerprints and ribotyping patterns, groups 25 - 27 can show 
different PCR types (Table DI-14). So it is necessary to combine results of different 
molecular typing methods to reveal the epidemiology of S. Enteritidis. 
D. Molecular epidemiology of Enteritidis in Hong Kong 
Since the increase in the incidence of S. Enteritidis in Hong Kong in 
1989 there has been no study on the molecular epidemiology of this organism The 
study by Wong and colleagues (1994) noted the change in the prevalence of 
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the strains. We therefore attenqjted to use different molecular techniques, i.e.. plasmid 
analysis, DNA jBngeiprinting, ribotyping and AP-PCR to study the epidemiology of S. 
Enteritidis. All isolates which survived, 80% of the total isolation, and isolated 
throughout the period of study (1986 - 1995), were studied. Thus, it is a representative 
collection of isolates. 
/ 
Previous studies showed that most S. Enteritidis strains contained 
plasmids ranging in size from less than 1 Md to 140 Md and more than 70% 
harboured a serotype-specific plasmid of 35 - 40 Md (58 - 67 Kb) (Table 1-5). Helmuth 
and colleagues (1985) showed that 90% or more of other Salmonella serotypes such 
as S. Typhimitrium, S. Dublin and S. Choleraesuis isolates also carried a serotype-
specific plasmid. The serotype-specific plasmids were shown to encode virulence 
functions, since 50% lethal doses were much lower for plasmid-free than plasmid-
harbouring strains, plasxriid-harbouring strains could invade livers of infected mice and 
were resistant to 90% bactericidal guinea pig serum (Helmuth et al., 1985). However, 
Chart & Rowe (1991) questioned the role of this plasmid in human infections. Most of 
these serotype-specific plasmids were either indistinguishable or appeared very similar 
after digestion with HindHl, Pst\ or Smal (Brown et aL, 1993; Rankin, Benson & 
Piatt, 1995; Liebisch & Schwarz 1996). 
Other than the 38 Md (63 Kb) serotype-specific plasmid found in 
most S. Enteritidis strains of 26 phage types studied, 45 Md (75 Kb) and 59 Md (98 
Kb) plasmids were also found (Brown et aL, 1993). Although there was molecular 
variation, all these three plasmids were related as demonstrated by restriction 
endonuclease digestion and all harboured a 3.5 Kb Hin^m fragment homologous to 
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SpvC {Salmonella plasmid virulence gene). The SpvC gene was responsible for 
virulence for BALB/c mice. 
About 200 S. Enteritidis strains isolated from sporadic and outbreak 
cases in a state in the U.S. between 1985 and 1990 demonstrated ten different plasmid 
profiles, of which one consisting of a single 55 Kb plasmid predominated (Morris Jr. et 
/ 
aL, 1992). 
Our results were similar to those studies in that most isolates (96%) 
harboured plasmids in different profiles, while one profile consisting of a single 60 kb 
plasmid was predominant, being found in 93% of isolates. Digestion of this 60 kb 
plasmid with EcoBJ or EcoKV showed that it was identical in 87% isolates and similar 
m the remaining isolates. The only other large plasmid found more commonly was a 78 
Kb plasmid which was found in seven isolates. EcoBJ or EcoKV digestion 
demonstrated that there were three different 78 Kb plasmids. 
Because of the relative instability of extrachromosomal elements in 
a bacterial cell, we chose to study total DNA as well for characterization of our strains. 
Both DNA fingerprinting, ribotyping and RAPD analysis showed that more than 90% 
isolates had the same DNA fingerprints, ribotypes or PCR patterns. When results of all 
the methods were combined, it was found that 70% of isolates were identical, all of 
which belonged to group lb (Table IQ-14). Isolates which were of other subgroups of 
group 1 and those of groups 2 3 and 4 (19%) were probably variants of isolates of 
group lb since they differed only in plasmid content or in DNA fingerprints, 
respectively. This is because plasmids may be gained or lost by a bacterial cell as 
discussed previously. Secondly, DNA fingerprints DV1 and DV2, and DM1, DM2 and 
DM3 are very similar (Tables m-9 and 111-10). Since isolates of these DNA 
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fingerprints were found throughout the years 1987 - 1995, there was probably a 
predominant clone and a few related clones of S. Enteritidis circulating in Hong Kong 
during this period. It is interesting to note that the strain isolated in 1986 belonged to a 
very different genotype. The upsurge of the incidence of S. Enteritidis in Hong Kong 
therefore probably started in 1987. 
i 
To summarize, most S. Enteritidis isolates were sensitive to the 
antibiotics tested except rifampicin, nalidixic acid and tetracycline. Ninety-six percent 
harboured plasmids and more that 90% of these plasmid-liarbouring isolates harboured 
an identical 60 Kb plasmid. As 89% had identical or similar DNA fingerprints, 
ribotypes and AP-PCR patterns, there was probably a predominant clone of S. 
Enteritidis circulating in Hong Kong. 
E. Areas for future research 
In this study a total of 252 isolates of S. Enteritidis from patients of 
the PWH from 1986 to 1995 were characterized. The PWH is a general hospital in the 
Shatin area, serving a population of about one million in eastern New Territories as 
well as being a referral centre for other smaller hospitals. This collection of bacterial 
strains is therefore quite representative of the general situation of S. Enteritidis in Hong 
Kong. However, it would be most desirable to study S. Enteritidis isolated from other 
hospitals in Hong Kong as well to confirm our finding that a limited number of clones 
were circulating in this locality. S. Enteritidis isolated from other countries should also 
be studied so that we could conqjare the epidemiology of S. Enteritidis in Hong Kong 
with that in other countries. Characterizing strains isolated from other countries could 
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also serve to evaluate the usefulness of the different molecular methods in 
discriminating clones of ^ Enteritidis. 
Although there are reports inqjlicating eggs and poultry as the main 
source ofS. Enteritidis infection, we do not have proof that a similar situation occurred 
in Hong Kong. We should therefore culture this organism from foods such as eggs, 
foods containing eggs or poultries, type these isolates and then conqjare them with 
those isolated from humans to locate the source of S. Enteritidis infections in Hong 
Kong. 
Although most of our S. Enteritidis isolates were susceptible to 
antibiotics commonly used to treat invasive salmonellosis, such as chlorarrqjhenicol, 
cotrimoxazole and the 4-quinolones, the incidence of antibiotic-resistant strains have 
been increasing in other countries. We should therefore continue to monitor the 
antimicrobial susceptibilities of this organism so as to prevent the spread of resistant 
strains should these appear. 
It is interesting to note that there was a relatively high percentage of 
strains resistant to cefuroxime even though the level of resistance was low, the MIC 
being 8 mg/L. No (3-lactamase or resistance plasmids could be detected in these strains. 
Further work should be done to elucidate the mechanism of this resistance as well as 
the transferability of the resistance to other Gram-negative bacteria. This is important 
as cefuroxime remains the drug of choice for infections caused by most enterobacteria 
in many hospitals. 
Since we tested only one out of three strains isolated in 1986 and 
this strain was quite different from those isolated during the period 1987 - 1995, it 
would be difficult to draw any conclusion concerning the difference in clonality of this 
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strain with latter isolates. By finding out the pathogenesis of the isolates and the 
mechanisms by which they spread so rapidly, hopefully, we can devise measures to 
prevent or slow down the proliferation of this organism in the commimity. 
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Appendix 
I. List of media and chemicals 
1- Media 
Iso-sensitest agar (Oxoid, Basingstoke, Hampshire, UK) 
Iso-sensitest broth (Oxoid) 
MacConkey agar (Oxoid) 
Nutrient agar(Oxoid) 
Phosphate-buffered saline (Oxoid) 
2. Chemicals 
Absolute alchohol (Merck, Darmstadt, Germany) 
Agarose gel (FMC BioProducts, Rockland, Maine) 
Bromophenol blue (Sigma) 
Chloroform (Merck) 
Ethidium bromide (Sigma) 
Ethylenediaminetetraacetic acid (EDTA) (Sigma) 
Ficoll (Type 400) (Pharmacia LKB Biotechnology, Uppsala, Sweden) 
Glucose (Sigma) 
Glacial acetic acid ( Sigma) 
N-(2-hydroyxyethyl)piperazme-N'-2-ethanesulfonicacid (HEPES) (Sigma) 
Hydrochloric acid (Sigma) 
119 
Hydroxyquinoline (Sigma) 




Phenol (Gibco BRL, Gaithersburg, MD, USA) 
Sodium acetete (BDH Laboratory Supplies, Poole, Dorset, England) 
Sodium chloride (NaCl) (Sigma) 
Sodium citrate (Sigma) 
Sodium dodecyl sulphate (SDS) (Sigma) 
Sodium hydroxide (NaOH) (BDH) 
Tris-base (Sigma) 
Tris-Borate-EDTA (TBE) (Boehringer Mannheim, Germany) 
Tween 20 (Merck) 
3. Antibiotics 
Ampicillin, cephalothin, cefotaxime, gentamicin, amikacin, nalidixic acid, 
trimethoprim, rifampicin, sulfamethoxazole, streptomycin, kanamycin, tetracycline 
and chloranqjhenicol (Sigma) 
Cefuroxime, ceftazidime (Glaxo, Greenford, England) 
Ceftriaxone (Roche, Basel, Switzerland) 
Tobramycin (Lilly, Indianapolis, IN, USA) 
Netilmicin (Severing, Quebec, Canada) 
Ciprofloxacin (Bayer, USA) 
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Ofloxacin (Daiichi, Tokyo, Japan) 
4. Enzymes 
Avian Myeloblastosis Virus Reverse Transcriptase (AMV-RT, Finnzymes, Finland) 
RNase (Promega Corporpation, Madison, Wisconsin, USA) 
Proteinase K (Promega, USA) 
EcoRI (Promega, USA) 
Mlul GQ (Promega, USA) 
EcoRV (GIBCO BRL) 
PvuVL (GIBCO BRL) 
Taq DNA Polymerase (GIBCO BRL) 
5. Kits 
API20E (bioMerieux SA, Marcy-l'Etoile, France) 
® 
LKB Arqjholine PAG plate pH 3.5 - 9.5 (Pharmacia LKB Biotechnology, 
Uppsala, Sweden) 
Sephagias™ Bandprep kit (Pharmacia LKB Biotechnology, Uppsala, Sweden) 
DIG DNA Labelling kit (Boehringer Mannheim, Germany) 
DIG Nucleic Acid Detection Kit (Boehringer Mannheim, Germany) 
6. DNA markers 
Supercoiled DNA Ladder, X HindUl , 0X174 and high molecular weight DNA 
markers (GIBCO BRL) 
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DNA molecular weight marker HI (digoxigenin-labelled) and DNA molecular 
weight marker VH (digoxigenin-labelled) (Boehringer Mannheim, Germany) 
7. Primer 
TGA GCA TAG ACC TCA (GIBCO BRL) 
8. Others 
Bio-spin column (Bio-Rad Laboratories Inc., Hercules, California, USA) 
Chill-out 14 TM Liquid Wax (MJ. Research, Inc., Watertown, Massachusetts, 
USA) 
dATP, dGTP, dCTP and dTTP solution (GIBCO BRL) 
Hybridization bottle (Autoblot Bellco Biotechnology, Bellco Glass Tnc. Vineland 
N.J., USA) 
Nylon membranes (HybondTM-N+) (Amersham, Buckinghamshire, England) 
Salmonella antisera (Wellcome Diagnostics, Dartford, England) 
Polaroid 667 films (Polaroid Corporation, Cambridge, Massachusetts, USA) 
Whatman No. 54 paper (Whatman, England) 
16S + 23S rRNA (Boehringer Mannlieiin, Germany) 
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n. List of instruments 
Bio-Rad 500/200 power supply (Bio-Rad) 
Biofiige 15 and Biofuge 22R (Heraeus Sepatech, Osterode, West Germany) 
Soniprep 150 (MSE, England) 
CR20B3 High speed centrifuge (Hitachi, Japan) 
GeneQuant™ (Pharmacia LKB) 
GNA 200 and GNA 100 gel apparatus (Pharmacia LKB) 
Gyrotory Shaker-Model G2 (New Brwnswick Scientific Co. Inc. Edison, N.J. USA) 
Hybridization oven (Autoblot Bellco Biotechnology) 
LKB 2217 Ultrophor electrofocusing unit (Pharmacia LKB) 
LKB 2197 power supply (Pharmacia LKB) 
Multipoint inoculator MIC - 2000 (Dynatech Laboratories Inc., Virginia, USA) 
Polaroid MP4 land camera (Polaroid) 
PTC-100 Programmable Thermal Controller (MJ Research, Inc., Watertown, 
Massachusetts, USA) 
Red filter (Toshiba, Japan) 
RC-3B Refrigerated centrifuge (Dupont) 
Speedvac (Savant Instruments Inc., Farmiiigdale. N.Y., USA) 
Ultraviolet (UV) transilluminator (Ultra-violet Inc., Cabriel, CA, USA) 
UVP White/UV transilluminator (Ultra-violet Inc., Cabriel, CA, USA) 
LKB 2016 VacuGene (Pharmacia LKB Biotech) 
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III. Buffer and Stock solution 
1. Plasmid extraction 




50 mM Tris 
Adjust to pH 12.6 with 3N NaOH 
Phenol-chloroform (1:1) 
Add an equal volume of chloroform to the saturated, un-buffered phenol 
and stir the mixture for several minutes, tlien store at 4°C in a light-tight 
bottle. 
Buffered phenol-chloroform-isoamylalcohol (25:24:1) 
Add 24 volumes of chloroform and 1 volume of isoamylalcohol to buffered 
phenol Mix thoroughly and store at 4°C in a light-tight bottle. 
Chloroform-isoamyaicohol (24:1) 
Add 1 volume of isoamylalcohol to 24 volumes of chlorofoim Mix and 
store at room temperature. 
• 124 
— - - \ • 
* - - - - _ - ‘ 
2. Total DNA preparation 
TE buffer I (pH 8) 
50mMTrisHCl 
20 mM EDTA 
TE buffer H(pH 8) 
50mMTrisHCl 
10 mM EDTA 
20 mg/mL proteinase K 
Dissolve in 10 mM Tris (pH 8) and store at -20 C. 
10 mg/mL RNase 
Dissolve in 10 mM Tris HC1 (pH 7.5), 15 mM NaCl. Heat at 100°C for 
15 minutes, aliquot and store at -20°C, 
3. Agarose gel electrophoresis 
0.5X Tris-Borate-EDTA (TBE) buffer 
45 mM Tris 




Loading buffer 6X 
0.25% bromophenol blue 
15%Ficolltype 400 
10 mg/mL ethidium bromide 
Dissolve 0.5 g ethidium bromide in 50 mL distilled water. Stir for several 
hours on a magnetic stirrer to ensure that the dye is conq)letely dissolved. 
Wrap the container with akmiinum foil and store at 4°C. 
4. Ribotyping 
20X SSC 
3 M Sodium chloride 
0.3 M Sodium citrate 











0.1% N-laurylsarco sine 
0.02% SDS 
1% blocking reagent (in DIG DNA Labelling kit, Boehringer Mannheim, 
Germany) 
Labelled cDNA 
Wash solution A 
2X SSC 
0.1% SDS 




0.1 M maleic acid 
0.15MNaCl I 
Adjust to pH 7.5 with concentrated NaOH 
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Washing buffer 
0.1 M maleic acid 
0.15MNaCl 
Adjust to pH 7.5 with concentrated NaOH 
0.3% Tween-20 
Buffer 2 
Blocking stock solution, diluted 1:10 in buffer 1 
(final concentration = 1% blocking reagent) 
Diluted antibody-conjugate solution 
Dilute anti-digoxigenin-AP conjugate to 150 mU/mL (1:5000) in buffer 2 
and then store it at 4 C (stable only for about 12 hours at 4 C) 
Buffer 3 
100 mM Tris-HCl (pH 8.0) 
lOOmMNaCl 
50mMMgCl2 
Color-substrate solution (freshly prepared) 
Add 200 |il NBT/BCIP stock solution to 10 mL buffer 3 
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Buffer 4 




5. Arbitary primed-PCR 
IX PCR buffer 








sa.LjBjqLn >IHn ) 
